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... ' UYll'l(iHJO 

u'1'lm13.litn~11~,:im1w~ui1v1~0,111nwn1n 3 "~11nut·h::uui,-11no11o 

1-ku 113.J nrnmmii,-,:i 1m•1rnf L vl o 1-ii1'ilWn'ilvtui:i1'll o..:i=8u,11u ~<il 0,1 m1 

v'ln<il~t<ii'0tl1u1tlii1J1J~ITTimmt1tt11,rlu1tl1iimirn03.JW,i<nEJf.il1u .... 
1um1ooniilJlJ (CAD) i'llut1l1iLn13.J CATIA iY1mt1mii!f1..:ivtui:11 

LLiil::11'11..:iLiluuu1J'll0..:i:a'u..:i1u1uv103.JW,L<nEJf 1uibu'llo..:im1ti1u1rn 

Wn'ilH'Vlinn11'llEJ.,J1::lJlJii!i'n011o1-ku tg,1iUUL'l'lflUfln111'ilW/1'il 3 

3J~L'il £J 1 -iini0,1/,:i LL<ilt,'O,:li,itu ttl,h u111m1n3.J3.J3.JEJ.,J~iL<nn<il1..:inu 
' 

m1u1£Jiit11JiLl1',liiili'Jrn·fo..:iuuvtuth~<ii'0..:im11'i1'1hu1in11ti1u1rn 

w n<il'Yi1 t<ii'~1 uitu t'il uiu,11u~'Yi1 n111 'ils1::,;!, o,1"'llti1'il tiJ i nu 

200 X 150 X 120 3J<liii3.J<n1 (n-J1,l X £J11 X ~,:1) s11nm1'1'l'iliilO,l')<j) 
,,I' A da , d ,,I' A da .., ., , .., , 
WUN1'1'l3.Jfl113.J'ilEliU0'1iiiil::WUN1'(13.Jfl113.J'l5lJ'l50ULUiiln'l!lrn::m..:i ') 

wu11iv1~0-.11'ilW n'il~W~u1itul1'13.J11t11 i Niilm11'il~~ t'il u"m13.J 

iii.ltia1hm11'i1 (Accuracy) otlh1::iu 350 t3.Jmou (0,35 .. 
3J<liii3.J<n1) i~o'Yi1m11<il~'ii1ii'Vlil..:i 1 oo 3Jiiliii3.J<n1s11n'ii1ii'Vlil,:iuui,-'il 

' 
'l!o,:iunu z L'il£Jt1'13.J11m~3.Jfl113.Jiii.ltiti1hm11<iltl 'Vl1nH 

I O A ,.J~ .-::C.J" 
ii 'V\iil,:in1i U'iliit1'.,JLiilL'l501'1'l3.Jfltiifl1W'il'lJU 

' 
A1V1.tn ifl~o,11'ilWn'il 3 "~• ifl~o..:ii,-imti 3 "~• 11'i<no1lo1'11'u 

Abstract 

The development of a 3D Coordinate Measuring Machine (CMM) 

using stereo vision with line laser Is described in this paper. The 

purpose of the machine is to measure surface coordinates of 

target object. The point cloud can be exported to CAD application 

software such as CATIA and used to create surface to obtain 

CAD model. Stereo vision, a technique of calculating 3D 

coordinates from two or more cameras In different viewpoints, Is 

used for 3D reconstruction, which Is simplified by projecting line 

laser on the target surface, Working-space of the machine is 

inside the 200 X 150 X 120 millimeters (width X length X height). 

Tested with continuous and complex surfaces, the machine has 

shown Its performance to achieve good result. The accuracy of 

this machine is about 350 microns (0.35 millimeters) when 

measured at 100 millimeters from the top of the Z axis. The 

accuracy can be Improved with better quality of the line laser. 

Keywords: Stereo Vision, 3DScanner, Coordinate Measuring 

Machine, CMM 

1. lJY1¾1 

i 'ilo..is11 nm::mum1Nii'ilm,:i O<nl1'1'VI nn3.J'i10,11 oJi'iilJlJL um1 
' 

i,-f1,1:.a'u~1U<i)1,:I ') 1un1m~lo,1nTl"Nii'il:.a'ti,11us11n<ii'mi1J1J~tiJ" 

ii1J1J'V\1o'll o~iilm10 El niilJlJ~tjj'V\1 £J ~Nii(il,h i iluvi'o,:ii,-f1..:iii1J1J'll o,:i 

iu,nu 1.fuitu L 'VliJ 11n £J 1oJittl1iin13.Jv103.JW, L<no1'1l1 u1 um10 on iilJlJ 

(CAD) tg,:in1111'11.,JiLlJlJEl1sJ'Yi1tC/1£J1n'Vl1niu..:i1u"m13.J'J1lJ'liOU'V\10 
., d.. ., A,i d A ~ s'l "."1 

'V\1n<n o,:im1ii1J1J'l'l3.Jfl113.J~n<no,:i~,1 11i'l'lti£J3.J 1 'Jl I Un11iinutJJ'Vl1 

i,1mh1 ~o m111n'llti1'il'llo..:i=8u,11uvi'uii1J1J L(il u1n1..:i L(i1£JLoJiiv1~0-.11'il 

Wfl(il 3 "~ u,hlt1Wn(il'lJO.,Jii'ti..:i1uifuttli,-11..:iiilJlJLUfl03.JW1i<nOf 

1im1it'Jl1 u1 i n11i,-f1,1ii1J1JL uv1 EJ3.JW,i<n of'Yi1 tlnc;n 11 iil'ilfl113.J 

N'ilWiil1'il Liiil::'ll,u1im1i,-fwL1J1J'lJEJ,:i:a'u..:i1u~"m13.Ji'u'Ji'ou'Yi1t<ii' 

~1uitu s11nm13.J~1fi'ru'llo,:iiv1~0-.11'ilWn'il 3 aj~LUEJ(ilt1'1'Vlnn3.Jm1 
V ' 

Nii<n ~..:itl"n11w1nm1Lfl~E),l')'i)Wf1'ilitu L'i1£JLU..:i1u%£JitLilun11 

W~ti1<il os11n 1m,1i,-11..:ii~"~"o tlLii, [1) ~,:i L'l!L 'l'lflUfln111(iliilJlJ .. 
Optical Triangulation [2] L(i1£Jtl'Yi1n11~'ili,:inio..itntn~~tm..:ii,-f1-.1 

i~3.Jon'Vlit..:ii, iiiil::L-ii'Vlinn11'llo..:i1::1J1Jl1'L<nEJ1101-kutun11ti1mrn 

Wll'il iY101lfutl1-.11iiv1~0,:i"m13.Jii<il'Vltlulun111-ii..:i1uLLiil::"m13.J 
' ' 

11iJua11 um11'ilmnitu 



2. 'i:::1J1Ji'lllilu~fo1-i1,t, (Stereo Vision System) 
~ J-' 

2.1 'Vl'ilnn1'i'l'l\t.j'i1\t. 

'i:::1J1J11'Llil!l1b!l1i'U (Stereo Vision System) V11!J1:::1JlJ11'Llilmfo 

(Stereo System) LU'\1,LYlfl'U.fln7111ilbliltln71L'JlmfoJJ,m<ii 2 i1:nu1u 

thtim'l'l1m1,11m.n.1:u0-:i~uliln<ii1-:i1fa i10ci1-:i'll0-:i1:::u1J11'Llil!l110 
' ' 

LL11'1il-:J1u11.I~ 1 LliltJ'iU~ 1(a) LLl1'1il'1LLNUJl1'1'l'll!l'11:::1J1Jmlil011mL1J1J 

Hn~0-:i ~2 i1~11-:i~11uLLU1~-:i Lrl0ri1tirn'l'l:fiu-:i1ui10ci1-3\u11.I~ 
~ 

'11 v .d , v I a., a.- .. 1d 
1 (b) ,J:; blilfl1'1'l'Yl"1tl'il7nm'1!l-3bLlilo1:::lil1LLl1'1il-31il-3Ju'Yl 1 (c) 

Right 

(a) (b) 

(c) 

JU~ 1 LLNUfl1'1'l'll!l-31:::uul1'LlilITTLmLu1JHn~0..:i 2 i1 
d' ., 

LLo1:::m'l'l'YltntJ'il1nn<10-,l 

1:::1J1J 11'Llil!J1b!lt11'\1,1 rnvlnlilvi'u/:l1'JJ!J-3:fi'\1,-37'\1, blil tJ n11tt1 

m'l'lri1mnnn~0-3LLo/lo1:::i1mr1uV11())1LLVIU-3'JJ!l-3111'1'l~LUWillilL~tJ1nu 
' 

lJ'\1,'llil~ L'llU1J1L1ntlil1-31il1'JJ0-3:fiu-:i1uhiu~ 1(c) Lvl0tt1:u1 

fi1mntYi1fl1vlnlil'JJo-3:fiu-31u~())7bLVIU-3tru V1tnn1'ilun11V11v11Ylnlil 

LLl1'1il-31U1U~ 2 
~ 

p 

LUU'illil~m'il1n())1LLV1U-3L~tJ1nuuu11il1.1 Lrlon1n1111'11-3f-:i~'il1mlil 
' ' ' .. .- ., :; "' 0 ~., ~ 

n-3n<11-3L!'1Ul1''JJ1l-3n<10-3ml1'!l-3Vl11l~lil 1 LL<1:::~lil Or ,utJ-3~1il p1 
• ~ ~ .,~ " ., ~ ~ d .. , AA .. 

U<1:: Pr lil1:Uf111illJ 'il:::1m-311'11'1l'1Ll1'UlillilnWYl~lil6)VIU-31'11, 3 :Ulil'l5-3~1il 

vi'-:in~11~o'illil P ~-:iLuw1hLLVIU-3'llo-:iilu-:i1u rn lii1LLwti-:iJu 
' 

2.2 n1'iL'.6U1.11JLLi'l'1Lm'liu-flw'i:::1J1Ji'ILlilu~fo,:" 

n11r1UV17())7LLYiu-31urn'l'l~:U7'il1n'illilL~tJ1nuuu11ilm vlo 1 'lll u 
' ' 

n71fi1U1fil'Wlllil 1l1'il'r111~1iltln71Vl1fl111'Vltfovfaf (Correlation) 'll1l'1 
I 'J) .d O I I ._::,,,d Q.,I I ,=t 

fl1fl11:l.JL'JJ:U'JJ1l'1Jl1'1'l'Yllil1LLVl'\1,'11il1'16) [3] LLlil11in711il-,ln<111:um1:u 

'J51J'Jj1)'\1, LL<1:::01'ilihfo~1nlil1umrn~m7:UL'JJ:lJ'JJ1l'1111'1-'l'il1nn~o-:iLL.~!'1::: 

i11ihrhnu Vl11l:l.J:U:U1l'1'JJ1l'1n~1l'1LLlilmh-:inumn 
' 6'A ., J'Ad.i 

n11u1mLl1'-,'ILf1L'll1l1'llUlilLLl.11JLl1'U (Line Laser) fl.,'JlJ'\1,'l'l'\1,\:-11'11111 

n7111il [4] LUUL'YlflUflVirt-,l~UtJ:UHh1Jo'll1ul'IZn11fi1mrnvlnlil'r111i 

~1ti:nu Lrlorhn11u1mm1JLLl1'-:JL<1L'll1l'fo,1uuvfu/:l11Jlu-31u1u1uwlt'1 
~ 

, • 1d ~., ., ~ ., !'I ., ''"" 
fl'\1,\'11,Ju'Yl 1(b) ,J:; llil111'1'l'il7nno10,1m'll1mL<1:::'JJ11Lu'\1,L(1''\1,Lf1L'll01'Yl:lJ 

t '}.I a., ,f A .d O a., V .. td d ,d d O.-

m1:u fl.,'Jlil7:U<1m~rn:::'llo,1'1'lUN1'Ylmn1111illil'11u'Yl 3 'll'1L:Um'YltJ1Jnu 
~ 

.,.. " ' ., .- ' , ., " ' d !'I J' A 

Ju'Yl 1 (c) 'il:::LVIU17LL'\1,1'll1l'1Lt1''\1,Lf1L'll!J1'll1tl1VILVl\411'1'\1,'YlLu\4'1'l'\1,\:-11 

L~tl117'\1, ,<il~1 ti:5i. LL<i1n11t11\41nt'Wnlili1m 'YlflUflii°'il:::1<il'Wlllil'JJ1l'1 
~ d a., d I t, ... A CL.I ~ 
'll\4'11'\1,'YlJl1fllillil (Section) Lliltl1L'Yl1'\1,'\1, Vl1nlil!J,'Jn11'1'lMl'Yl,'JVl:l.Jlil 

" " • I '~ "' ,I ,I d~ .1.i ~ , • • I ,I 'il:::1ilO,'J:lJ~umrn'll1JLflf11)'\1, L'l'l!JLflfl!l'\1,'Yl IUT11n1111ilb\41il1LLVl¾'10'\1,6) 

'il1nn~o..:ii1i1mLo1:::'JJ11 

n11f1'\1,V\1())1LLVIU,'J'JJ1),'Jfl1'1'l~lil1,l17'\1,1'\1,mrnd 1ill1'7:l.J111.11'lin11 

fi1'141ntfl1fl11:l.JL'JJ:l.J'JJ1),'Jfl1'f'l1~ L-do..:i'il1nio:umhu1V1ru'JJO·Ul1'1-'l'il::: 
~ ~ 

rinmo,10on1uLvlo1Vi'L'i);'\1,LLo/lbL'\1,1'JJ1l'1UfoL<1b'll011tn11~'ll1tiii.n11 
~ 

uni:fqJV11<il'1n~11~fo n11L'JlL1'JJ1flmlilovl1'1'lo11{ (Epipolar Geometry) 

2.3 L1'll1flffililDilLmn{ (Epipolar Geometry) 

L1'JJ7flffililO'Wb'l'l!'111 (Epipolar Geometry) LUUVlftnn11~'lhtJ 

P, P, 1 Vi' n71fl'\1,V\1())1LL VIU'1'll 1l'1111'1'l~:l.J1'il1n'illil L~ tl11l'\1,lJ'\1,'llill.11l ci1ULL '\1,1 
' ' ~ 

,aJ " J d A I .., A At .. 
'll1l'1L11''141il1'1L11''14Vl\4'1'YlLWn17L11''140'1'l 'l'lf111 (Epipolar Line) 

I, 
P, ,/ • .. _ Pr 

I, 

p 

epipolar line epipolar line 

P, P, 
o, o, 

I, 

.,.. !'I At ., d 
Ju'Yl 2 Lu'\1,LL\:-l'\1,fl1'1'l'JJ!l-31:::1J1J11'Llil1l1 !JLLlJlJ 2 n<11l-3'YlLL'\1,1n71 

., .t ~ ~ ' ~ b d !'I d 
:l.J0-3'JJ1l-3nf11l-3'Yl-,'1(1'1)-,llil1 b:l.J'JJ'\1,1'\1,n'\1, liltl'Yl 1, LLfl::: Ir Lu'\1,'i:::U11J'Yl 

Lnlilt11'1'l'JJ1l'1n~o-3'll1£JLL!'1:::'ll111il1:U~1</l1J !'i1V1UlilliZ~lil P, LL<1::: Pr 
o, 

epipolar plane 

./· P, 

i 
0, 



Y1sJ1,m1LLN'\,1,ll1Yl"llB..:1,::urnw11B11o11,1,,tl~ 4 riTv1wn1i 
" ,d,c;,, f( V Z, V d 1 

,::1,1,1uY1Ln<il'il1nsJ<ilY1'\,1,1JnR1..:1"lJB..JnRB..JY1..:1ft1J..JtLR::sJ<i11J'l,1,1<11riL,1Jm1 
'I 'U 'I , 

<i A'f <' O , ,J <IA'\" <' 
,::'1,1,11J1lYlbYlR1, (Epipolar Plane) LLR::<111LL'V\'\,1,..:IY1,::l1>11J1lYlbYlR1, 

'il<i1nm::m1J"ll1l..:!!11Ylbf1<i1LU'\,1,Ufo<11,..:1"~1l11 ufoov11 YlRTf (Epipolar 

Line) 

m.J:i.i~1isJ<il P ~1J•1'hLL'Vlti..J"ll1J..:1;_a'1,1,..:111,1,h 3 iJ~. rn1L<111Jf 
' 

Pi ==[x"y"z,r LLR:: Pr ==[xr,Yr,zrr LU'\,1,L1f1LCi)1Jf~!B1tlu..:i 

'i)Ci)~,<i1'il1nn1,U1!J'iJCi) p 1J'l,1,j:;'l,1,11Jll1Yl"ll1l..:lnfl1l..:l'l51!.JLLfl::"ll11 
' ' ..!lQ.Jdo 'l -v.d..!o I.I .d 
m:i.i Si1'ilU L:i.J 1ln1'V\'\,1,Ci) p1 b 1,1,.rnY1m..:1'll1 m Yl m ,:i.imn1,fl1,1,'V\1~<il'r'I 

m..:1n1,1,L'\,1,fl1Yl'r'11..:l"ll11'il::Yl1J11'ilCi)~<ilj..Jn'\,1,'V\11l'ilCi) Pr sJ::1ltJ1JUUfo 
' ' " 

O'Wb Ylfl11Lft:i.J1l i..:1'1f 1,1,\ m::uu"m,u1mtfoLflL'll1lffl..J1J'l,1,;_a1,1,..:111,1, L~1l 

d1..:1ut1,1,ovi1 Ylfl11LLfl1'r11n1af1'1,1, 'V\1'i)Ci)'i)Ci)"l) el..JUfaLm 'll1l1111JLi1,1,o Y11 Yl 
' 

R1f sJ::1<i1'ilCi)"lJ1l..:1111Yl~<ila..:ln'\,1,~l..:IJU~ 5 
' " 

,tl~ 5 'i)Ci)"lJ1J..:1111Y1~Ci),..:1n1,1,11,1,.rnY1i1m,R::"lJ11~1<ii'sJ1m<ilv1Ci)"lJ1l..:1 
" ' ' 

ufaLm'llBfLLfl::Li1,1,ovi1Ylfl1f 

2.4 n1,l'i1WHW¥!n(,l 3 3J~ 

hm..:itlBu~ n1,~'hu1mY1n<il 3 iJ~1MLi'Vlinm,11,1,Jtl~ 2 

1~fl1:i.i1,ri~11<ii Ld1J..:1sJ1nf111:i.JN<ilYlR1<ilL'\,1,n1,'Vl1'il<il"ll1J..:1n1Y1~ 
' 

<11,..:1111,1, LLfl::m1:i.JN<i1Ylfl1<il"ll1l..JA1Yl1,1iJL<11B1"ll1J..JnflB..J~1<iisJ1nn1, 

f(1)1JL 'n uuniM~..:I Hl1,1,m,LLUfl..:l'Wn<i1,::'V\11..:1,::uuvln<i1<i\1..:1 ') [3] 

~11if..:1~~Ln<il:ff,,.lJi<i1n,,.sJ1..:1i..:1,tl~ 6 
" 

I, 

P, 

~ ~ 

,tl'Yl 6 f..:1tisJ1nsJ<il"lJB..:1mY1~<11,..:1n1,1,13li<ilnu1u 3 iJ~ 
" ' 

i-nfumrn1ti1vln<i1 3 iJ~hwH1::1J1JftLCi)1l7bEl~..:ILU'Un1a'V\1 

qj1LL'l'\\1,..J'Wf1Ci) L 'U 3 iJ~"lJ1l..:l'il<il~"'::!J::'l'\1..:l'il1n7..J~tr..Jft1l..:11,\1l !J~ftCi) 
' ' A .1.J • ~., !'I ' ,J w ,J 

Yl'il17ffi1Ju'Yl 7 n1'Vl'U'ilb'l'I p1 LLRZ Pr Lu'U~~Ci)"lJ1l..:1111Yl'Yl<il7..:lnU'Yl 

Btj1u,::uuvln<11nflE1..J"llE1..:1mtE1..:1i1'lY1m,fl::"ll11<111:i.i~1iu, ap1 1<11u 

a ER LU'U.7..:lti l ~r-l1i.~<11 01 (a=O) LLflZ p1 (a=1) LLR::Li 

T + bRpr bCi)!J b ER LU'\,1,1..:li r ~N1'1,1,~Ci) Or (b=O) LLflZ Pr 

(b=1) 1ltJLU,::uuY1n<ilnfl1l..:l"lJEl..:lnflEl..:l'i11'l51!.l, ri1'1'1'1,1,Ci)Li 
" .fl ;,J ~ V ~ V ,. l 

w == p1 x Rpr Lu'UL1flL<11El,'Yl<il..:IU1nnum,..:1ft LLR:: r ~11,1, c 

LU'Ufl11:i.l!J11"lJEl..:IL1flLCi)Elf W ~&'1,1,~f(Ci)bCi)!J CE R 
' 

I, 

o, 

'il1nL1flL<i1ElflUJU~ 7 'ilZ,<i1ft:i.Jn1a 

ap1 +c(p,xRpr)=bRpr+T (1) 

ap1 -bRpr +c(p1 xRpr) = T (2) 

L~1l~1n1,LL!1ft:i.Jn1a (2) Lv\El'l'\1f11fl..:I~ a, b LLRZ C 'il:: 

fl1:i.i11ri'l'\1t11vln<11"llE1..:!'il<il P' 1<iisJ1n 
' 

(3) 

3. im,Hll>::Lvi,_,i'lr1_,"lJ,hlLvl~El"'l(,l'fifl(,l 

Lfl~El..:11 <i1Y1 n<11~ vY~ u1:ff '1,1, 1 u..:111,1,1i ud'" t n 1:1m:: L UULL n '1,1, 

ifl~El'\,1,~ 3 LLn'\,1,~1l LLnU X, LLnU Y LLR::LL@ 2 ~<iY..:1mn'l1..:1nULiR::n1,1, 

'JJ1JLfl~El'\,1,<i11!.l:i.l1lL<i1El1ffi::iLft<ilJ..:l'Jlit<i113l"iitl·mi1u (Brushless DC 
,:,, ~ I &'G.J 

Servomotor) iiR::<il<il<il..J1<111JElRflnJ,::'V\11..:1:i.im<11B.n1Jm,:: 1JULLn1,1, 

z "1m..:1ft11..:1ft1'1'111J~'i1/..:1niE1..:1'ii'ii~ 2 v11ft1'1'1frnhumY1LLri1Jiifl..J 
.. ,J ,l' A ,!' '\" d 

LRL'llel, (Line Laser) 'r'l~nu1!.lfl..:!1J¼Yl'\,1,N'J'Jl'U..:!1'1,1, b'il!.lft1:i.l1,mfl1l'\,1, 
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Abstract 

A 3D Coordinate Measuring Machine (CMM) using stereo vision with line 
laser was developed in this research. The laser line on the target surface was taken by 
two CCD cameras. Stereo vision, a technique calculate 3D coordinate from 
corresponding pixel in each cameras, used for 3D reconstruction to enhanced the 
precision of machine and make the machine more flexible in real application. The. 
point cloud from the machine can be exported to CAD application software such as 
CATIA. 

, Tested with continuous and complex surfaces, the machine has shown its 
performance to achieve good result. The accuracy of this machine is about 350 micron 
(0.35 millimeters) when calibrated at 100 millimeters from the top of Z axis. The 
accuracy can be improved with better quality of the line laser. Working-space of the 
machine is inside the 200x 150x 120 millimeters (width x length x height). 
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fl111 'lfUtl'lJtt 1;)' ~t{ltO}ftJ'j'[;)'tJ.:j M'lJ'WYl'W r-111\91 Qtrn ~ 1 'lff1{10sl 2 \9111 'W fll'j 'j'lJfllYI l ~tl'Vllsll'W 1 'W 1 ~'lJ'lJ 

'[;)'t\9101101'11'W 'il~"Jf1t11 irm1 Vllsll'W 'IJ 0.:j tfit0~1~Yi fl~ iifi 11iif1~ '11 ~'W iJlf)''W i'Y1'11 -r 'lJ'W n~ ~ ~~1~ 
ill 91 ''l • I d O 91 1·' "" ,/ I 'l "' ! ~ 'il ~ 0 ~ ! 'Wt 1J U 'lJ 'lJ 'VI 1;)' 1 iJ 11 tl 'W 1 t '111 1J 1 Um iJ fi 0 iJ YI 1 t \910 'j 'lf 1 ti ! 'W f)l 'j t) 0 f) U 'lJ rnrn ~ f11 'j N {l \91 

' ' ' " 
(CAD/CAM) 'n'lfB CATIA tYi01'M1'Wm1iYfww'WH1t~ 

,, ,, ,, ' d ,, 
~1'W1'0tll!1J'lJ'Wii-n.:iff'W 7 'lJ'Vl 'lJ'Vl'n 1 t~'W'lJ'Vl'Ul mh1a~fi11ili'YlflqJtrn~'VliJ1 'j'JiJ'n~ 

' ,, ' 
.f)lyt'j'JiJBth~n11~"7 i11'W 1 'W'lJ'Vl'n 2 ncl11u.:imlf1fl1'j 'V!lsll'W 11:u-n.:i'l1'0~'11'0t~tl'\Jtlsltfi 10~1~'Wf1~ 

3 lJ~'lf'W~~lsl"') 'lJ'Vl~ 3 mh1u.:i11if1f11'j'\Jt).:j'j~'lJ'lJ'[;)'t\?1Bn01J'W (Stereo Vision) ~~1'M1'W 
)} I jl I I j/ I I 

~l'W 1'0tl'W 'lJ'Vl'n 4 i'.it'U0'111tfitl1tl'lJ l Urnnrn'n'WWJ'W 1~'WtviBfi1'lJfJilfl11'V11~1'W'IJB~tfi!B~1~'Wtl~ 

'lJ'Vl~ 5 t~'W11ifl11iYB'lJt'ntl'lJ (Calibration) tfi10~1~Yiti~ 'lJ'Vl~ 6 n~11u.:im1'Vl~{]Bsl1'Mtfi10~1~ 

,\ 
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" ' ' Yin~ °h.J m11~~'W-:Jl'W 'Vl~~ m,iill~~1-:ici U'1~ l 'W 1J'Yl f!~'YlleJ 1J'Yl'Vl 7 !~'W fl11 ff1il H'1fl111i eJtrn~ 

~'eHff'W tlU'W~b17'11f 1J-:J1'W 1'0eJ~tl i iJ 

I 
-=I\J) !J-=I o I 

1. 2 f,HM 1 'W 'YI i YI iJ fll 'j 'Yll 'l-Jl fl el 'W 

I 9) I I 1 I 

!Utl-:J'i11fM1'W1'0eJU!~'W-:J1'W 1'0 eJ'Yl'Yll~'eH it t]-:J'i)1f1-:J1'W 1'0EJ!~ fN "!fl ~tl-:J1~'Wfl~ 3 ii~U1J1J l ~ 
r/ 9) QI ~ .,:g 1 di ~<V QI I .di 9) d 

ut:11J u ff-:irn tOJ$tirn'1~ f1'1ti-:J\9l1!~ WJ" [7] M •1re:inm1M-:i1'W 1'i1 eJ~-:i nm1 t'V'I ti l m'H 'Wm'V'I 11i1u "~ 

' " 
U'W1'Yl1-:J 'Utl-:Jfl1'j'WWJ'W1!fl~tl-:J1~'Wfl~ 3 iJ~l 'W-:Jl'W1teJil 

" 
i~mr11'W1illm-wn~'llti-:i~'Wr'.h 

·\ 

.J -; 31 At a1 ~QI GJ9J r1 9' Q.I .d 

1il'Vl 1.1 i fl'j-:jff'jl-:i'Utl-:!!mt1-:i1~j\lf)~U1J1J i 'lfUt:11JHff-:J!'1!0J$tlrn'1~f){ltJ-:j\9l'J!~eJ1 .. 
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., ' 
~'WN':rvi'i1~i'l7f11j1~~'el~~'\J'Wl~ ilJtn'W 200x 200x 100 iJ'fliitiJ~j (n11~ X cJ71 X ff~) U'fl~ 

"' 

vin~~i~ff1mrntl11tl1~1'WhJrnmii CAD J1itli~ 1~v1tl1umii CAD 'i)~i'l7'\1U7~ffr1~ 

'JJ I 3) I 'J) I j) 
I e!l QJ ~ A Ad.A I Q.J c! A e::!A OJ ,:!! A AA cv QJ 

~7~'1 fl 'el 'Vl~'fl'el~1~l"l 'W N'J'Vlilff~7~'7 f1'W l"l'W H1'Vlilfl17il'lf'W ~ ~ l"l'WH1'Ylilfl17ilil'W 171 11il'VM f11 j 

'Vl~'fl'el~1~vit1~~ililf1~'el~~7-:J<n tl'W U'fl~1~'Wtl~ !~cJ~7'W1'W'i1~-0''eliJ'fl~7~<n tl'W t~cJ~H'flf111'Vl~'fl'el-:J q I q qJ I ., 
QJ A 

~~'W 

., ' ' 
~1'elel1-:i~'WN1vii~i'l1m11~,11rnfl~'el-:i1~vin~ 3 iJ~mmi.Umnmff-:itmcirnftm~n~'el-:i~1t~v1 

'J} 'J} I I 'J) 

1 'W'M1'U'elU 'i1~Hff~-:J~1'eleJ7-:J~'WN1U'lJ'lJ~7-:J'7 vi i~vhm11~ H'flvi ,~'i11f1f17j1~ 11ilr1-:J 
., ' ., 

~'WN1viff{1-:i~'W 1~v1.U1tl1umii Unigraphics 

' ., 
itlvi 1.2 ~'WN1'Vl1-:Jn'fliii1~1 H'fl'\J'el~m11~trn~m1fff 1~~'WN1 

_Id J A 9.1 Ao 0.1 9.1 J A 

l1J'Vl 1.3 l"l'WHTl'l'W7fl'Wff~7 H'fl'\J'el-:Jf17j1~U'fl~f)1jffj7-:Jl"l'WH1 

··'
1
'
1
!i!l!iiii! ill!ii!iJ!ii!li,::!!::::•::', .. 

' ., 
1tlvi 1.4 ~'WN1vl'Wm1iii1'\J11 H'fl'\J'el-:Jm11~u'fl~m1fff1~~'WN1 
"' 
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i'l":i 1l r,,rn m, :d'.I rum~ vm 1-u m ':i 1 <o v 

1. !fl~tJ~1~vh1~ 1~'11~tlf17':i Optical Triangulation 1-um1r11-u1ruvin~'il1t1m'W 

2, fl17:JJmJ-uih (Accuracy) 'lltl~!fl~tl~1~vif1\olnfll'U':i~:JJ7tl! OA203 lJbliJ!jJ\,)'j (420.3 

1:JJfl':itl'U) irlm11tll':i'J\oli'U th'\'1':i ~ tlbl:JJ~~:JJtl~tl~ 30 tl~ft'lf)'U':i~'Ul'UUbl ~rni01rn{ 

3. i-uth~!~'UfJ'Ubl':i':ifl~tlfll':i1\ol'il~n~m,ltl!~!~'Ui'U~1~lJf117:JJ'Jf'U~~ !~'U'\Jtl'U 'jt)~ 

"1 ?I ~ "' • Id ,k O '1 91 A 91 d \I} I 91 "1 \I} I 

'11':itl!u'UVl'tJ:JJbltl \ol~lu'\'1 1.7 CJ/~'\'17 i'l1!tl\olblfll'Wtl7':ibl~'\'1tl'Ui'1 i:JJ~tl\91tl~'l1':itl t:JJ 

r1 t , d i:::! Q,,/ 'J/ ill!j QJ ')) 

bl';l,J'U':itl! ':i1:JJ'\'1~bl1'Ui'1:JJtll':i'U\ol'U~tll':ibl~'\'1tl'U'lltl~Hbl~!bl!CJ/tJ':i t1fo~flbltl~ 
"' 

'J) A I d l!) '))1 0 QJ A QJ d ')) ')) d 
'lJ tl N\ol'Wbll\91!'11 bll'U bll:JJl':itlbl \91 t\91 \91 V'\'17 tl7 ':i 1\91'\"l fl\91 i'1 ~ :JJflbltM'U tl V"7 !'W tl bl \91 l tlfll bl 

f17':i~tl'U\ol'IJ~ U~fl7':i1\olvff1\91~~:JJtl~tl~~tlV"7 ~'il~b'f~vrn 1rr Resolution 'lltl~!fl~tl~ 

J 
'11 Vl'U:JJlfl'll'U 

"Id ~ A ')) .. ,, ')) A O 9J A a.I ,d Q./ \I) 9) 

iu'\'1 1.7 'W'UN1\91'UU'U'Ulu 'UVl'Ulfl'Ubl\917 (CJ/W) Ubl~Ylfl\91'\'11\91 t\91 

I d ?I 
bl1'U'\'1!u'U 'il:JJflUbl~\917 ('ll17) 

"' 

,\ 
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" m1iwrw11 'W-:J7'W1'0cJ'W 

' " ' 
rvfoirl'W f)l'j un'ilt11r11 L 'W-:Jl'W 1'0cJ~-!)f1~11 -:Jl'W 1'0 cJ'W~-:J 1¢i'vi1mntWJ'Wl!'f1%'t1-:i1~'Wfl~ L 'W 

" I I QJ A 

bl'1'W\911-:JG-]~-:J'W 

" ' ' ~<V 9) QJ,::::i AA 

Ufl:::\91~\91-:Jffi:'ltl-:J\911'1'1 2 !'\l'llH\91lJ 

2. fll'jfl7'W1W'Wf1~ 1~mlflfl1'j'Utl-:Jbl'!\91tlntl1~'W (Stereo Vision) U'.IJ'.IJL~mi'ti-:i 2 \911 

,,\ q YI] y y q .., ,,.,% 
!'\l'ltl tl1 L~'fl11lJtlf1\91tl-:J t'Wfl111~~'U'W 

SJ 

qY o y q c, y ,,\ d, y 
3. t'lH!'.IJ'.IJ'il7fltl-:Jf1fltl-:J (Camera Model) t'Wfl71bl'tl'.U!'YlcJ'.Uf1fltl~ !'\l'ltl!'l"llJ'fl17lJ\jf1\91tl-:J 

1'Wm11~vin~ 

4. m1ciwm'V'I vi1m1 ci1cJttmcJ'flf-:iuii'1m~1m ~cJ i~t1fl~ilt11mir't11t111rn 1'.Uf11'W 1 'Wm'l"l 

5. iWJ'W7!'1'l'fl'W'fl'lf1cJL 'W f)l'j -r~ef 'W-:Jl'W ~iJCJ1''.IJ~tl'W r1%'t1i'.i'f117lJ'lf'W~-:J ~-:iiil'W ilt11r111 'W 

' "I o., I 

!'fl)tl-:J\911!fl1 

6. iwi'W11ii'flf t1-:imm1t11~vin~~~ 1ri'1'W11!mwmn 

1. i~tifff1'.hl7!'Yl'fl'W'flfl111~vin~~'W;:i1 1~cJ1~ut11Jubl'-:irniGJft1{irn:::nii't1-:i 2 v11 

2. 'WWJ'W1'fl11lJbl'7lJUtl'Utl-:J!'flf ti-:i1~'Wfl~ 3 ij~~i'.iti~ ~-:i 1 ~f)l'j'J~U'.IJ'.IJL~Utl'.U!!bl'-:Jlfl!G}ftl{ 

' " ' 'J} QJ A 9) q 9) A ')} QJ ~ G) 9) QJ ~ ~ de:::.i 

irn:::nflti-:J\911!~cJ1~1cJm11"1H'Yl'fl'W'fl'Ut1-:Jf1flt1-:J 2 1911 !'l"lti mmmrn1~'\l'l'WN1'YllJ'fl17lJ 

1.4 'llel'lWU\il'llel-:1-:11'1-!1'iltl 

1. 'WWJ'W7!'flft1-:i1~vin~ 3 i1~~i'.iti~ ~-:i1~vin~ef'W-:i1'W 1~cJ1.Uut11Jui1-:irniGJft11irn:::nii't1-:iv11 

c, yd y .I Y .., o .., y.., )l "" ,;; 
i~cJ1 1mrl'WU'.IJ'.IJL'lf!!tl'.IJUiY-:itmGlfmirn:::nflti-:i 21911 mr111JL'l51~'1"l'WN1'lf'W-:J7'W 

2. iwim hhummhr1i'rn'flft1-:i1~vin~ 3 ii~ i~t1H/murJ1Jm1vi1-:i1'W'Ut1-:J!'flft1-:iirn:::1~ 

" " 0 ~Q/~AA 

'fl1'W1W'\l'lf1~'1"l'WN1'l5'W-:J1'W 

3. vi1m1i~t11J 1cJ-:i'li'titJf1~1~ 1~\'\1'111'.IJ hJrnnrn CATIA 
SJ 
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' _ 1 ~ d <=t\J) 'l/v o "" ..., 1.5 'U'a~ U.l'lf'W'fl Am'lHllflfll'a'fll'J'ilf.J 

l 'j) 'J} I 

1. ,~iflleJ-:J1\9l~fl\91 3 :n~ ill'Y!f'lJ1\9l'W'WN1i'W-:iTI-H'Wtl'Wllll'ti'f 1-:JH'JJ'lJ1'Wfltl:IJ~1!\9ltlfl~ 

\/j ~'LI O ,k OJ A OJ -=>A '] ~ o' ~ 
2. 1191 rn·rnm:iJfl1'lJfJ:IJfl1'.i'Yl1-:Jl'W 'Utl-:!lfl'.itl-:!1\91Ylf)\91 3 :IJ\9lH'lJ'lJ t 'lH!tl'lJU'ti'-:Jn'llciftl'.i U'1~f)(lt)~ 

' ,, ,, 
2 1>11 ihni''lJ 1 ~fl1'lJfJ:iJfl1'.ii'l7~7'W 'Uti~Lfl ~ v~irn~ 1~i~'lJ~fl\9l'W'W r'.11i'W~l'W 

'j} I I 'J} 

3. ii'llll'.itl 1.Jr1~n'lJ'M'W ~l'W'n l'U'.il~'lJl~ !'Wtl-:!'il7f11 ~fl1'.i1191U'lJ'lJ 1iii1:iJr-lii'N1i'W ~l'W 



2.1 r1nh 

' <=I 
U'Yl'YI 2 

' OJ ~ V ~ QJ ~~ 

'l'itlrlfl116\J'0-;i!fl'Hl-;i1~'V'Hl~ 3 i.lYI 

trle:i~1~'Wf1~ 3 ii~ (Coordinate Measuring Machine / CMM) ti'.h.Jtflf-e:i~~H' 

rlrnf<u1~'Wn~i'WN1'll'eJ~1\9lQ U':i~f)'e)1J~1EH11'W~l~'W 1flHTI!7~ (Hardware) Ufl~ri1'W~l~'W 

1tl-:iUf1':iil'V17~7'W (Software) ri1'W~l~'W 1m ~i1!1~ H
1

'l 'Wf11j lfli'e)'W~t vir~~7U'\1'W~~'Vl7f17j1~ 
I I I ,, I 

U\9)'\11m~'Wlfl ~-e:i~1~'l1'W~ ill tfli1-e:i'W'Yi'il~ 'l ~~~i~~tlnHu 'Yi'l ~'l 'W m':i1~ l'lf'W nii'-e:i~ ;;~ (CCD 
' ' ,, 

camera) ri1'W 'nl~'W 1 U':i umii 'Vl 7~7'W 'Vl 7'11 ~ 7'n\9l ':i 1'ilTI'eJ1JTitll'W~ lrn~fl 11JfJilil11'lmJ'W\9l'eJ'W m':i 
' ,, ' 

'Vl7~7'W 'll'e:l~lfl ~'e:l~ f17'W 1W '117~7'Wf1~ ':i1ilr1~~~\9)'eJ iY-e:iiY7':if11J ~'l i l'lf'W f17':i11J~7'Vfl':i7lJl\9l'eJ{ \9)7~'1 

llfl~ f17':i U TI~~ Nfl 

lflj'e)~1~'Wf)~~'l ~f)'W -e:i~'l 'W U'il'il'U'W1J'l1flleJ'l1'W~ 1~eJ'eJl'ilU'U~\9l7il1fif17j~'l i'l 'W f)lj 1~'Wf1~ 
"' q 

' ,, ' 
t1~-e:i1911i1~m1ru~ 1m ~i1!1~'ll-e:i~tfl~-e:i~1~'Wn~ 'l 'W 1J'Vl'Wl~'W mrnri11~~lfl~-e:i~1~'Wf1~ 3 iJ~'M'W~ 

'l'W m':i1~~'W~7'Wt~-e:i 'l ~iJi',u'mJfli'W N1i'.i1i~'l i\9)7~'1 n'W t1mei1i 'l 'W~il 'il~u1l~miiii m':i 

1~~'l~n'W-e:i~ [1] mm':it1U'U~l~'W1fill1J1J Passive llfl~1fill1J1J Active ~~1fill1J1J Passive 'il~ 

tlli'.im-:i ci1eJ'Vl'eJ~'V'li1~~1'W 1 'W ':iUU1J1J 'l~-:i'LlU1J1Jt1d~ 'l ~f11J1\9ltl b11'WU1J1J Active 'il~ \9l H fl'W ,u'1ii~-e:i 
"' "' q 

"" .., .., ,!! "" I .., 'l • I 'l • I di 1'L I .., it • I l "''l 
'il~il f17j Tiil NTI'\1 ':i 'e:lilf17':i tlleJ'Vl'eJ~'V'lfl~ ~7'W b 'W':i1J U1J1J ~j 1JU1J1J '11'W ~ rn1J'W 1\91 tll'V'l'e:J 1J':i ~ teJ'M'W i 'W 

"' "' q 

5J V I 3) I t di d 9J Q.I 

f17':i 1~l1'W N1i'W ~7'W l 'W 'Yiil 'il~nri11~~m 'V'l1~ f17 ':i1~U 1J1J Active l 'Vll'W 'Wl 'W -e:i~ 'il 7 mn eJ1'll'el~ f11J 
,, 

"'"" "" ~7'W1'ileJ'W 

,, ,, 
i'W~7'W 1~eJf)lj')~U1J1JtlliZiiN'i1r11Ji'W~7'WU'U~'e)'e)f)l~'W 2 'M'W~ fl'e)f17j1~ 1~ei'lit1ilf)'lJ'e)~f)lj 

TI~i'el'W (Reflective) Ufl~f17j1~ 1~eim':ib1~N7'Wfli'W'l1r'elf ~i1'l'Wi1nm~ (Tranmissive) 1 'W itl~ 

2.1 UTI~~'lh ~lfl'Vl'll'el~f17':i1~U1J1J Active U1J1J\9)7~'1 ':i7eJfl~l~eJ~'ll'e:J~f17':i1~ l 'WU\91fl~'Ll':i~lfl'Vl 
,, 

1J\>l~\9)'e) ttlil 
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Active Shape Acquisition 

Contact Non-Contact 

CMM Reflective Transmissive 

Non-optical Optical Industrial CT 

Microwave Triangulation 

Sonar 
Imaging Radar 

Active Stereo 

Active depth from defocus 

Interferometry 

Moire 

Holography 

' 
2.2.1 tfl~fl-:i1~vin~u1J1J~lJH1;'1' (Contact CMM) 

I I :;I) 9) 

t~'I-Hfl~fl-:i1~vin~'Vi'llrn~'l'l7f17';i1~'il~~fl-:i~iJ H1;'l'n1J-W'W N1'MWl7'W 1~ Vf17';i l off1111~ 

" ' ' 
U1J1J~lJH1;'( (touch probe) l'l~'el\Jflflil-:i~m'.fotiJ\917lJ~7!!'1-1'1-!-:j'Vi~'eJ-:jf17';j 1~t)\9l';j-:j 'Wn~'Vi 

' ' " 
tl9i''il~lJl'il7fl~7U l'l'l-!-:i'\J'el-:j\'11 ! m-:i1;'1'f 7-:j'\J'eJ-:j!fl~'eJ-:j'J~'Wfl~l'eJ-:j ~fl'hllli~ !~tlr11 tiJ llfl'W 11-:i 

1;'l'7lJ 'llfl-:i tfl f 'el-:i 'il ~J-:i IQ 1 fl~ -:in 'WU~~ n'W 1 ~ v~i 11~ 111J 1J ~lJ H'i;'l'~ ~J-:i fl eJ~ iJ ~ 1 mt fl 'W 'i;'l'~'Yl 1 v " . 
' " 

'\J rn~ '1'17 m ';j'J~tijfli 11~ ~lJ H'i;'l'f11J N1'M'W-:i 7'W 'il~ ri-:i ~t1Jt1J7tl! t iJ if~ fl fl iJ'W 111ew { fl 'ell! vi 1t1ern { 

'il~U'W"t1fl~1umJ-:i'\Jfl-:itt11~ H 1~v~1'Wf17'il7fl~1uttil-:i'Ufl-:iu~~~ufl'W 1~tJ\9l';j-:i i iJ~ 2.2 

A !ii '] a, 

• lJfl11lJ\}fl\9l'e)-:j t'Wfl1';i1~~-:j 

• mmrn1~{'W-:i1'W~OH1Jifl'Wtl'i' 1~vm';jloffi11~~~'\J'W1~t~fl 11~~m';jiJ11J 

!ii A 

'IJ'el!'i;'l'tl 
I I I I 

!ii "I !ii GJ!il"I 'l "I "'lJJ.I"-'"' "' "'!ii 
• 'lfl l'W'eJ-:j'iJlfl\9\'eJ-:j t'lflJ'el t'Wfl1';ifl11JfllJf17';ilfl~'el'W'Yl rn1;'(lJf°'l1;'(fl1J'il~'Yl\9l'eJ-:jfl7';j • • 
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• trlt!Hlf) i ~f)l';j -«ii Nb1'n\.11\91 t1 ~\) tll'il '1'17 l tttfl\Ptfl 11mi1 cl'l17clfl 'l..l;f 'W-:Jl'W ~ 
q 

n.h1~m-:i1~ 

2.2.2 tfl~tl-:!1\Pt~fl\PIU'l..l'l..l!~i1iJNb1' (Non-Contact CMM) 
I I jl J} 

tri'Wtr11t1-:i1\P1~fl\P1'Vi !~"ri1'WiiJNb1'fl'l..l'W'Wti1i'W-:i1'W u11-:it1t1mri'W 2 1h~m'Yl fit1 

1h~tfl'Yl~i~mfo'llt1-:im1ri-:irl1'Wr1i'Wtt1tif-:ii1i'Wi1mn-:i (Transmissive) fl'l..11h~tfl'Yl~ 

" 
· 1~r1ifom1b1'~'Vlt1'W (Reflective) l\PtcJ"':ilcJ~~tucJ\Pt~-:J'W 

2.2.2.1 'l/'W\P1~l~m11i-:JNTl-!fl~'W'l1~t1i'-:ii1i'Wi1mn-:i (Transmissive) 

1 oilm1~ 1cJvH1-:i-:i1'W 1 il'l..l'W 1\?lmt~1f 'l..lYlL1-:J-:J7'W~t1nri-:i Nl'W f1'1'l..lm t~tl 
q ~ . " 

fll'W 1tl! 'l17';i ~ cl~'tt Wtltl-:! 1\91 tJ 1fi m ';j Yi" 111 ~ i1'Yl 1l fll'l"l 1 'Wm ';j r11i 11 ';f 7-:J 'IJ t)\) i'W-:Jl'W 

fiv Industrial computer tomography (Industrial CT) 'il~ioilm11~\PtiJV-:!1\9lf;J 
9,1 QI A d r1 a1 ~ cv .,:::! QI , , Q.I 9J O.J _ 1~ , 
\P11cJ1-:ib1'ttinCJ1Yl'M-:Jl'W i1-:i Cli-:i1-:i i1\P1-:i nm1TI1m1 t1'Yl~~ m 'W 1\91 t1 u~ 11\Pt 1J 1 ii 1ru m 1 

~ q q 

urli'-:iiY~N7'W1\91Q 1wt'W1~1-:ici i\P1cJ'il~vi1mrn1cJf-:ii11'Wtt'W1~1-:icit~mh'l1'm.J~~ 
9' QI d 'J) ~a. ~ 

!\P1"71h~f)t)'l.Jf)'Wt'U'W'\Jtll,j~ 3 il\91'\Jt)-:J'l/'W-:Jl'W 



~ d 

'll'el~ 

• mm'Jt11~'J1h\:iEm·Jtl!~ml'Ji'W'llt1~1~t1~i11~m.J1~ 
"' q 

~ d 
'Utltb1'1'J 

• 'Jl'fllU'VM 
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Q,J de:::1 , .. I ?1 QI de::1 , , Q.J , lll 9' 
• 1~t1'Vll.Jb1'1'W 1J'J~flt11Jb1J'W 1b1'~'Vll.Jfl17l.J'Vl 'W lt!'W 'W ~l~ffl.Jl.Jlfl (t'lf'W tll 

q q 

"'>OJ Q O']~ ~ ~ 
'Vl7fl71~~flrnmm) 'il~'Vll t 'Vlfl17iJt1fl~t1~'\Jt1~'\Jt1iJi'lfl~fl~ 

"' "' 
d QI J q3'QJ <V a.IA 

• til'Wti'W~'Jll'J!'Wtl~'illfl t'lffll.JlJ'W~fl7'WHb1' 

'J'Li~ 2.3 tfl~ti~ Industrial CT 
"' 

2.2.2.2 'lf'W~~l'Mfl7'Jb1'~'Ylti'W (Reflective) 

tilril'J'VI ~flfl7'Ji1'~'Ylti'W '\Jti~fl~'Wm.lm~fl h·Hh 'Vl~mtb1'~ ti'.l'W ~11~'Wt1~ 
~ ~ 

u'Vl'W m'Jirii N'i1'~~,r 'W 1~ l'J~'j ~ 1iii'.Hr~ mm'J t1 u u ~titim i'.l'W 2 'll 'j ~u1'Y1 vtil'JG-J ;fl 

,!I 

flt) 

2.2.2.2.1 tfl~ti~1~'Wf1~~1il1oi{ub1'~ (Non-Optical CMM) 

l 'Mfl~'Wt iY Mu '1 ~ fl ~'W 1ii 1 fl 'j t T~ t {I 'W 'VIE fl 1~l'JJ11 'll 1 ~ 
' ' OJ OI I QI 1 o A .<:!_i 9) QI 

'VI fl flfll 'J1~ 'J ~l'J~'VI 1~ 'il 1m~ t1 ~ l'Jfll 'J m'W 1tl!t 1'11'Yl fl flfl fl 'W i1'~'Vl ti 'W flfl 1J 
q "' 

'il7fl1~Q (Time-of-Flight) 
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2.2.2.2.2 Lfl~el-:J1\9l~tl\9l~H{m,--:i (Optical CMM) 

1 ~u b1' -:iuitJ l 'LI1J'W1\91Qtrn:::b1':::Y1el'Wt1i1Jm~i1i"u vrai~ £~ 1~ 

dt QJdG\9,1 QJ d' q9J9J d.c1 , ll)9J 
'illtllfl':iel-!!1\91'1'1 !'M'l1'1tltll'.i'Wb1'7:JJ7'Hl !'l1'\Jel~'1'1'llJfl17:I-J'tt'W7U'W'W:JJ7tl !\91 

I d _ 1 QJ ,:::i 9) IA')) 0 QJ c! \I} I 

eltl7-!l'.i1\91L'.i 1 1J'1el\olfltJLrn::::1-Jf117:l-lt;;J tl\olel-:J~ -:J U\91:1-J'\Jel 'illtl\Plflel tlJb1'7:I-Jl'.i tl 

d 9J I d \I) I cl QJ J QJ QJ.O. 

Ltl 1J'\Jel:I-J'1'\J el-!! b1'1'W 'l'l :1-J el-!! t :1-J L'tt 'W U '1::: v-1'1 tll'.i 1\91 '\J 'W fl1J fl 'ill b1':1-J 1J \91 tll '.i 
~ q ,, ,, 

b1':::'Vlel'WUb1'-:J'Uel-:J1\91Q 1fi tll'.i'WV-:JU'U-:J l~5fli-:J'W 

• Imaging Radar im1ru:::mi1el'Wf11Jm11~fliu1:1-11fl1nvl 

u~i~flimh-:if111:1-1rtu b1'-:i mm:::i11V11'1J1\91Q~ij'll'Wl\9l 1my 

• GJ9' d,,._I ?I • Interferometnc i'lftll'.iu1£JUTI-:J'l'l:1-Jirnmrn1J'Wfl11JU'lJ'lJ 
1 I jl j) I 

A .,:!I \f) I Alfl_l ~ .a. QJ QI ,:::l 9J 
fl-!l'l'l'tt'.iel t:1-Jfl-!l'l'l rn1J'W~'Wv-11'\JM1\9ltl 'illfl'W'W'il:::Nb1':1-JLW-:J'l'lb1':::'l'lel'W 

q 

o.1 o.1 _1 9' "' _1 d'] 9'9' "' ' _1 9' 
tl'11J:JJ7t71J'.i lJ U 1J 'lJell-:J el-!! '.ilJ U 1J1J 'l'l ! 'lf07-!lel-:J 'il:::'lf1 tlUlJ M '\Jell1'1eleltl:I-Jl 

~ ~ ~ 

d <>.I 1 "' 91 "'"' ,J' I d di • 
LU 'W-a t71l ru::: '\J el-!!~ 'W v-11 l\91 Tli 'WU 1J-:J el el rn u 'W 2 'LI'.i::: Lfl'l'l fl el Moue 

interferometry u-a::: Holographic interferometry 

• Active depth from defocus 1~'11inm'.i~':hm~'llel-!l1\91Q 

'il:::L~el'W 1iJL~'W b'11'WU'U '.i ~'W tl1J '.i::: £J:::'l'l7-:J'.i:::'1117-!l 'il\911J'W 1\91 tlLL-a:::1:::'Wl'lJ~ 
q q ,, ,, 

~el~1vlt1b1''\Jel-:J1\9ltl 1fiUb1'7"7'.it11~1~r1-:iu1J1J Passive u-a::: Active 
q ,, 

U1J1J Passive 'il:::07~£Jifl1l'ill:::~'Wth (texture) '\Jel-:J1\91QL~'W\911fl7'11'W\9l 

r111:1-11ilil9l ci1'WU1J1J Active 'il:::uimtb1'-:JU1J1J~7-!l'l l'LI1J'W1\91Q 

• Optical triangulation L~'W1fi~l~1'1Jfl17:1-J'Wtl:1-J:JJ7t71fi 

<k o.1 di .,i ,k ?I di ?I 9' J,,.o.1 

'11 'W-!l '11'1 fl fll'.i fl ell:1-Jel'Q 7 £JU b1' -!l CJf-:J 07 'il L lJ 'W 'il\91 '11 '.i ell lJ 'W L TI'W '1-!l 1J 'W ~'W v-111\91 tl 
q q 

cl ~ 9J QJ QJ QJ QJ .c9 d 9) QJ d J IQ.I 

n 'il::: Ln\91 m '.i b1'::: 'l'l el'W fl -a 1J m tJ-:i \911'.i 1J CJf-:J u b1' -:i 'l'l b1'::: 'l'l el'W fl'11J 'W 'il::: 'll 'W el ~fl 1J 



'" 0 
Laser 

Surface 

6', Cylindrical lens 
Laser 

12 

Direction of travel ,, , , 

'• .. 

CCD 

pJ~ 2.4 '11~f1f17'J'\Jfl-!! Optical triangulation (~lV) 1-w 2 ii~, (mn-:i) i'W 3 m1 mi~ ('\117) 'li'fllJ't'I 

~i~i'W 3 ii~ 

• Active stereo vision '111tl Active stereo 1~m1flf17'J'\Jfl-!I 

'J~'U'U Stereo vision t~v-:iu~vi1mnnmtff-:iitl1.J'W1\9lt1~vi1m'J1~ • 
I 3J V 3,1 

L'Wflinf17'J\>ll'W1W'nl~fi~~1V~'W mlflf17'Jfiflf17':il~f1~fl-!!i-:iu~ 2 i1~'W 

itl1'Wm'J~1\91Q irlm11ihumJ-:i'IJfl-:im~~\91Hfl'W'\Jfl-!!f1~fl-:iu~r1~i1i~ 

')J o q ')JI] ')J ')) cl ( • • h ')J ... ., .d 
ur11 'il~'Yll !'H t~Lff'W'Yll-'.Jfn'j'J.rn-:im'W Lme of s1g t) '\Jtl-!lf1't'lfl-!l\9l~f1'W'l'l 

'il~t~ V1'U'W N1'1JtJ-'.11\9ltl ~-:iffliJl'J ml 1mr11'W 1rutil'W~fl~ '1Jfl-!l'il~'U'WN1 • • • 
QI lfJ9/0J QJ _1d 
1\9\Q t~ 't'lf)'l:Jill~'IJ'e)-:j';j~'lJ'UUff~-:j~-'.Jl1J'l'l 2.5 

Vi~'>?d 
.- obj..:t 

~:-----"' 

1'1Thtl.bltl' 

CCDctml?t:i. 
TIIOUT1W OT\ 

t>J.mtl.bl:'s 

';itl~ 2.5 'J~'U'U Active stereo vision 
"' 

y y 

1'W-'.ll'W1'Utl'Wi~t~'e)f11~mrnm'J'IJ'e)-:j Active stereo vision lJlr11'W1W~n~vi'WN1'\J'e)-:j 

., ., ')J .,, )f A .d O ., dt :l1 A.ct .d q ')J ')J q - I"' 
1\9\Q t~Vi 'lfUtl'UUff-!!L'lWlftlrn WM'U'W ~'W f'l1'1'l 'l'llf11'j 1~ L 'W fl-'.l 'illf1L1J'W Tli fn'J'l'l t'n'UfllJ't'I t 'W1J'JlJ1W 

mni'Wt1"1'el'W'J1m~1 'JW't'l~L~tl~'\Jtl-'.l'J~'U'U Stereo vision 'il~f1ci11u-:ii'W'U'l'l~ 3 
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I I 3) I 

ilf1'l:Jt)!::;'lJ'f)~•f0ii-nvi1~ i~'illfl!fl!'fl~1~VM'~ 3 ii~ ii'flVl'i''HH1'U 2 !l'U'U'li'U'flVf1'U~l'U vi'il::; 
SJ SJ SJ 

ihi'l11~ fi'fl 

2.3.l 
y ' 

'lY'flii -n 'lfU ~ i1 '\l::; ii'l1!ii 1ru iihnm! f1 u~ t-w fJ~'Yrnvi 'il~'Vl11,r VI ':i 1 'Li~ ~ir f1'l:l ru::; 'Li 1~ 
SJ 

y y ' 

'LI':i ::;f17';i'\J'f)~9f'U ~l'U !'lf'U fll':i 1~'Wf1~ 1 'U"11'U '\1'Hrn::;ri-rn 'YllfJ'U'fl~9f'U ~1'U!~'fl'l11fl"Jlil fJ11 

~ Q/~Q. G°j di 'J)I cl 
'll'fl~ 'lf'U ~1'U f11':i1~~'UN1fllfJ t 'U 'll'fl~'Yln m~'Li'flm~'fl'117fl17iJ fJ71t"1''U Nl'Ul!J''U rJnm~'ll'fl~ 

?I 91 
t!'ill::; !1J'U\9l'U 

'Wf1~~1~ i~'\l::; i~\Jf1'W1 i'l11it~fJ\91':i ~ U~'\l::;'I-J7 i 'LILi1 'Uf17':ifll'U1fil'l11~1':ililt\9l'fl{ 

,d91 9I OJ J'., ')91') 91 di A ')91 dt OJ 

'Yl\9l'fl~f11':i 'll'fl1.J'n'nf1'l:Jfil::;'UiJf1 t'lf t'U~l'U'Yl1~~1'Ufl1':i\91':i1'\l"1''fl'Ul'.Jfilfl1~ OJM'UfJil t'lf!fl':i'fl~1~ 

'Wf1~U1J1JiZilN"1'!d'fl~'\llf1iim1iJ\jf1~'fl~ L 'U fl1':i1~~ ~ u-n~ L 'LI':i !lf1':iil'U'fl~!flj'fl~ '\l~n-w~ ni'W 
y 

~1'1111J1~r11mri1-wm 1,r'fl~mi'1 

2.3.2 
1 ,., I j/ I 

-w n~ vii~ 1 u ir n'l:l ru::; i'.1 'il::;ii 11! mru iJ 1n t ~'fl!! "1'~~ ~~':i'LI 'iwwu ~1'\J 'fl~ 1\91 t1 vi'Vi 1 f17 ':i 
SJ • 

o, QJ 9I A J' d I I 9I , di ') 91') 9I 
1~ -nn'l:lru::;'ll'fl1.J'n'lf'U~'U!':ifJf117 f1iJil'll'fll.,j'n~~ (pomt cloud) OJM'il~ t'lf t'U~l'U'Yll~m'U 

y 

1f11f1':i':ilJ~'fl'Uf1il'U (Reverse Engineering / RE) ~'fll.,j'n'Wf1~'ll'fl~i'U~l'U'il::;\Jf1'W7i'LI 

"1'f 1~t~'Ut11J1J'll'fl~{u~1uBnflf ~ t~'fltl1 i'l11 ~1 'Wm':i1tm1::;11 'Vlvi1 '11!'fl'LI11J'LI':i ~{u~1u • 
y y 

OJ ') 9ld di 
'U 'U !'11~'\J'U 

' y 91 91 91 d91dl \/j91"1A d 
• \9l'fl~fl1':i "1'':il~!l'U'U '\l1Ml'UU'U'UVl"1'':il~'U'U '\llf1 til'11 ':i'fl~'U!'l1 'UfJ1 

y ' 

• ~'fl~ fll ':i Nii\9li'U~l'U vi ~Nii \9lt~mii flf) '\lfll':i '111'fl fJfllii flfll':i Nii\91 i 'LI u~ 1 

y 

• iirnn"1'1':ifll':i'fl'flfl!l1J1Ji~t~l-l i~t 'WfJ~~'fl 

• ~'fl~fl7':i'LI11J'LI1 ~ Nii\9lflfil0}1L 'U 'U1~"11'U 

~ lJ1 l.c:i 

• L'flfl"1'7':ifl1':i'fl'flf1U'U'U'l17fJ'l1':i'fl tlJlJ 
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I 'j} I I I 'j) 

l'Wtl-:J 'il 7f1-:Jl'W iierwn ~~ 1h ~ f{-:Jfll'Wtl 1 ~lfl !ti-:ii~vi f1~ 3 iJ~'Vi~WJ'W l~'W I 'W-:l l'W 191 l'W 
., ' 

1fr.lf)';ijlJ~tl'Wf1i1'<iH~'WrHlf1 i-:itl''W~tllJ~vin~'Vi-r~ l\91'il~nirmm!~l~'Wf)~lJ~tllJ~~~ (point cloud) 
~ 0 9) ~ -C?o if I G) e::!l dd! 
OJM'fflmjti'W7l'IJ7 11htmrnflt1:JJ'V'l1t~tlj'lf'Jt'J 1 'W f17j titinu 'U'UU~~mrn~~ (CAD/CAM) 'Yl'lfti 

CATIA ~nntjm11i-:i1 'Wf11jf1'!1-:i~'WN1'illf1f1tj:JJ~m.i~~~ irlti l\91~'WN1 l'W 11htmrn CATIA 
9) o a. if 9J\/) e!t o \J1 :JJ a.J o a.J 9) I o ~ 9J 

U~1 ffllJljtl'Wlll71lf1j7~'11 Uf1 A'IJ '\1jtl'W7 t'Uffj7-:JU'W1f1~ffl'\1j'IJX!~~1t'Jf1'qllfllff-:J'Yl7-:J~l'W 
' ., ., 

fltl:JJ'Vi1l~tl1'lf1t'J I 'W f)lj Ni1~ ( CAM) l'Wtifff 7-:Jl~'Wi'W-:Jl'W 'il~-:Jflf)fl'j ,:j 



' cl 

'UYIYI 3 

o V ~ 
H'U'l.Jiilliltl--'.lrltHM (Camera Model) Hil~1~'U'Ufl'!vltl1 rn 

3.1 rhih 

y ~· 
9 "' ~I I & 0 31 d'l 319 "'., di 'J 31'] 
i'W1J'Yl'iH1J'Wf17':ifH171tl·:H!1J'lJ'illtHMfH'1tl.:J (Camera model) 'Yl t'li t'W.:Jl'W1'iltl Olf.:J t'li t'Wf11':i 

~f1.:i~lJf11':ifl1llJ"1lJ'W'Wjj':i~'\111.:J~~'Utl.:Jfll'Y'I (Pixel) f)1J\911U'\1'W.:J'Utl.:J1~Q'l'W 3 :IT~ Uil~nci11t:1.:i 
y y 

mfom1~'Wi!l'WUil~f11':if1l'W1tU~f1~~1tl':i~1J1J~L~tlntl ':i1lJ~.:JL'Ylfl'Wflf17':i'Vll'il~Ol.:Jfl.:J1J'W9f'W.:Jl'W 
~ . 

,,! , 'l 31 ., ,t d"' ., 31 \I) 31,,. J 
L 'Y'ltl'lf1tl A '\1~llJl':itl1~'l1'W.:Jl'W'YllJfl1llJOlf1JO}ftJ'W l~~'U'W 

U1J1J~lilt1.:Jff~t1.:i (Camera model) L~'Wm':i ~liltl.:J f).:Ji;'n'l:J ru~m':i tn~m'Y'l1J'W ':i~ 'W 11J'Utl.:J 

lll'Y'l'illf11~Q 'l 'W 3 :W~ ~.:Jfl1llJ"1lJ'W'W £~.:inci11'il~'Vll 'l ~l~~lJf17':i~Ui'l'~.:Jfl1llJL ~till ttl.:J':i~'\111.:J 

m1H'Uil.:J~n~'l'W1~1J1J~n~~1.:ici t~lJ'il1nnuuiJi'!.:i~n~'Ut1.:i1~Qi'W1~1J1J~n~ hn 3 :IT~ (3D 

world coordinate system) lU~':i~1J1J~f1~fll'Y'li'WfltllJ~1L~tli (computer image coordinate 

system or pixel coordinate) ill~ 3.1 LLi'l'~.:J'1f1'l:JtU~'Utl.:JU1J1J~liltl.:Jf1ii't1.:i 

O X ~-------

y 

Pd(Xd,Yd) 

zw 

z 

OW yw 

P(x,y,z) 

xw or P(xw,yw,zw) 

iiJ~ 3.1 i;'n1:JtU~'UtMU1J1J~liltl.:Jf1ii't1.:i (Camera model) 
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I I I 5/ 

'illf1l11'Y1 3.1 ih~1l1J'Vlf1191~1-'.1'7j'Y1Lf1V1~tl-'.l~-'.l'W 

• (xw, Yw,zw) L~'W'Vlf1191 3 iJ~'U0-'.1~1911J'W1\?lQ P t'W5~1J1J'Vlfll91 hn 3 D~ (3D world 

coordinate system) 

. di "' o "" ,d di <1 "" "l 
coordmate system) t}f-:JlJ~191f11L'Wl91tl~'Vl~l91f1-'.lf1m-:irn'Wi'l' 0 u"~'Vlff'Vll-'.l'Utl-'.ILLf1'W z tl~ i'W 

u 'W 1L~V1fl1JLLf1'Wf11rnti-'.l'Utl-'.lf1~tl-'.l (Optical axis) 

Q.I ~ QI 3) ~ ,d ?1 I I 

'\Jtl-'.lfll'V'l) LL'1~'\J'Wl'Wf11JLLf1'W X LL"~ y 'Utl-'.15~1J1J'V'lf1191f)"tl-'.l, !191VlJ jL1J'W5~V~'\11-'.15~'\111-'.l 

OJ di ,I 

1 ~'W 111 '\J ti-:Jfl 7'\l'l n11 ~ 191 n-:i n" 1-:i rn 'W i1 

• (X
11

, Y,J fitl~l'Vlf11911 'W ':i~1J1J'Wfll91fll'V'l (image plane coordinate system) 'Utl-'.1~191 

(x,y,z) 1'Wmill~L~'WH1l1l~l"tl-'.lf1'fttl-'.llL~lJ (pinhole camera model) 

• (X d' yd) fitl~l'Vlf11911 'W 'j~1J1J'Vlfll91fll'V'l~U'Vl'il~-'.l~-'.l'il~LL\?lf)~1-'.l'illf)~l'Utl-'.l (XII' Y,,) 

tiTti-:J 'illf1fl17lJU191L'Utl'W '\Jti-:Jrn'W i (lens distortion) 

• (XI' YI) L ~'W ~ l'Vl f1191 '\J t)-'.j 'j ~ 1J 1J'Vl f1191 fll'V'l 1 'W fl tllJ fl 1L\?ltl { 1J Of)~ -:iih LL'\1 ti-:i ~191'\J tl-'.l 

fll'V'l (Pixel) 1 'W i-wir1olJ'Vl1L1,rn{ 

,, 
'U'W\?lti'W1'Wmrn1.JM'Vlf1191'illf1 (xw, )\,,, z,J iiJ~ (XI, Y1) 1.J':i~f1tl1J~1VmrniJ"-:i'Wf1191 

4 ,rr'W\?ltl'W Ui'\'191-'.l~-'.111.J~ 3.2 ~-:imrnU"-'.l'Vlf11911'W,rr'W\?ltl'W~1-'.1'7]1Ji'l'lJf115~-'.l~tliUil 

t d 
'U'W\?lO'W'Vl 1 

Rigid body transformation 'il7m~1l1l'Vlf1191 hn'll0-'.11\?lQ (xw,Yw,zw) iiJir-:i1~1J1J 

"" OJ 91 
'V'lf1191'Utl-'.lf1"tl-'.l (x,y,z) 

[lR[~Jr [3.1] 

l191V~ R L~'W 3 x 3 Rotation matrix 

[3.2] 



(xw,yw,zw) 3D world coordinate 

Step 1 
Rigid body transfonnation from (xw,yw,zw) to (x,y,z) 

Parameters to be calibrated: R, T 

(x,y,z) 3D camera coordinate system 

Step 2 
Perspective projection with pinhole geometry 

Parameters to be ca Ii bra ted: f 

(Xu,Yu) Ideal undistorted image coordinate 

Step 3 
Radial lens distortion 

Parameters to be calibrated: Kl 

(Xd,Yd) Distorted image coordinate 

Step4 
TV scanning, sampling, computer acquisition 

Parameters to be calibrated: uncertainty scale factor sx, for image 
X coordinate 

(Xf,Yf) Computer image coordinate in frame memory 

' " 
11Hi 3.2 'll'WffeJ'Wfl11HUM'Wf1~'il7m~1J1J'Wf1~ 1r1n 3 iJ~ 
SJ 

Ui'l~ T t~'W Translation vector 

" ' Q) "' 

'll 'W \?HJ'W 'l'l 2 

17 

t~'WfllrnUM'il7m~1J1J'Wfl~fl~'el-:J iu~1~1J1J'Wfl~fll'YH~~'lJrl~ (Ideal image plane 

coordinate), (X
11

, Y,,) 1~ti1~ perspective projection 'il~ tl'i' 
X xii =f
z 

y 
Y,, = f-

z 

[3.4] 

[3.5] 
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., ' 
"-' "' 'll'W \ol'r.)'W 'Yl 3 

tri'W fll'.i ~1-0 rJ.:ifll'.i tfl\olfl1UJ'U \ol!'U'el'W 'lJ rJ.:illl'V'lt~'el.:i 'illfl'.i~1J1Jrn'W b1 (Radial lens 

distortion) 11olt1~ill.Jfll'.i ~'el 

xd + Dx = x 11 [3.6] 

yd + Dy = r;/ [3.7] 

1\ol ti~ (X d, Yd) t ~'W ~1'Vit1\ol1J'W '.i ~'W 71Jlll'V'l~U 'Vl'il~ .:i (Actual image plane 

coordinate) trn~ 

., ' 
"-' "' 'll'W\9\'el'W'Yl 4 

DX= xd (K1r2 + K2r
4 + ... ) 

DY = YiK1r
2 + K2r

4 + ... ) 

r =-Jx/ +Y/ 

[3.8] 

[3.9] 

[3.10] 

i~'Wm'.i uuM'il1n'Yinlol 1 'W '.i~1J1J'Yinlolm'V'l~u 'VI 'i)~ .:i , uv.:i'.i~1J1J'Yinlolm'Yl 1 'Wr1m1-vi1i\ol'el1 

1\oltl~ 

(X 1 , Y1 ) trl'W~1m--nl.:iumtrn~1-Hlfl'll'el.:i~\ol'llrJ.:im'V'l (Pixel) 1'Wr1rJii'Vi1t\9l'el1 

?I O I "-' & G\ <> o' 
(ex, Cy) !1J'W\9\1Ul'!'W.:iumu-o~'\1'ofl'll'el.:i~\olfl.:iflm.:im'V'l i'Wfl'elil'V'l1!\9l'el'.i 

?I II] I I "-' q "-' ')I 

sx !IJ'Wfl11il iiJU'W'W'el'W'lJ'el.:ib1't1J'L\Jlfil i'W'.i~1J1Jfl1'.i'.i1J'll'el1.jillll'V'l 

[3.11] 

[3.12] 

d' = d Nc.r [3.13] 
X X N 

ft 

~, I I ~ d ,~ Q,/ q 
d t1J'W'.i~t1~111.:i'.i~tt11.:i'il\olfl.:inm.:i'llrJ.:i CCD elements 'Yl'eltl\91\olfl'W i'WU'W1Ufl'W X X q ~ 

~I ' I ,:Q d ,~ Q,/ q 
dY t1J'W'.i~tl~'\11.:i'.i~'\111.:i~\olrnflm.:i'll'el.:i CCD elements 'Yl'el~\91\olfl'W i'WU'W1Ufl'W Y 

Ncx t~'W~l'W1'W'll'el.:i CCD elements 1'WU'W1Ufl'W X 

N 1r t~'W~l'W1'W~\ol'll'el.:illl'V'l (pixel) 1'Wtt'W1Ufl'W X 

., 
'illflfll'.i uu-o.:i'Vit1\ol 1 'W 4 'U'W ~.:i mh1 'i)~ 1#i'r11rnffmt'W £ '.i~'\11H~ltm il.:i 1 'Wlll'V'ltl1J 

~1U'\1'W.:i'll'el.:i1\9\Q i'W 3 iJ&1 ilolt1'il~~rl.:i{~1Yl1'.iliJt\9l'el{1 'W"1'ilfl1'.i~l.:i'1t~t1n'el'W "1'1ill'.if;)'l111#i'11ol ti 

fl1'.iiY~rnvit11Jfl~'el.:i (Camera calibration) ~.:i'il~fl~11i'i.:i1mJ'Yl~ 5 
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1::-:1J1HH\?ltl~l01J'W (Stereo v1s10n system) tt!tl1::-:1J1JfH\?ltlntl (Stereo system) 
d 'J) 'J} t I O.J e.l \J1 I d 1 0.J 'J) 0 d\l) 'J} 'J) 

ttl'Wm1'l'lfrnrn,rn-rn\?l 2 \9'11'll'W 11hrn.1m'\ll'il7fliJiJ'lJtlsJ'VlU\9lfl\9'17'1fl'W ur;i1'W1m'\ll'Vl i~mfl'W'l17 
q 

\917U 11 il sJ'lltlsJ m'Vl 'l 'W fl~tlsJU~r;i::-:~1~1n~ 'illfl'il~t~ t11t1'W U'W 1\?lt:1 t~m'h'W 1w m1::-: u::-:tt7'1 'il 7flfl~tl'1 
q •• q 

~'11\?lQ 'l'WmtU~f77'W1tl!1::-:t1::-:'l'Wr'.jfl\917tmilsJ'lltls!fl7'\ll 'il::-:t~Yifl~ 3 mt (3D coordinate) ~~ 
A 1 A Q.J i d d .J A 'J) O.J AO.J J A ~ 1.h m wmn m tl1Jflr;'J iJ'\ll'W v-111\?l t:1 'VlsJ '11 'lJ~'Vl'lJtlsJm 'W OJf nw'lJ 'l 'lf 'l 'W m11~'\ll fl~'\ll'W v-11'll VsJ'lf'W '17'1-l q q 

,!I 'l ,=1,d O "' 0 I 1 ,!I ., d 'l 'l cl I') 9' 
'1116 'Wfl'.itl!'Vlm'W1w1::-:t1::-:t'\llt1'11J1'1\9'17U'l1'WsJ'llV'1fl7Vl ~mmrnm'\ll1::-:1\?lQ'VlTI'W 'ii 'Wfll'\ll fl'il::-: i~ 

I r/~ 'J) d, o I O.J 

'11 'W tl'W \9l l'W 'eJ '1 'il7fl\9ltlslfl71"'Vl '.i 71Jl'\ll tis! \9l 7U '11 'W sl'll'e.l'11\9ltl q q 

p 

Pi 

o, 0,. 

• Id ""t 91 l1J'Vl 3.3 1::-:1J1JTit\?lm vuuu 2 flr;'JtlsJ 

• Id ""1 91 91 • 'l 91 91 ~ l1J'Vl 3.3 UTI~sJ1::-:uum\?lm tlU1J1J 2 flr;'JtlsJ mmtt'W~ '11 P t1J'W'il~1J'W'lf'W'17'W, 11 im::-: 

'J) O.J 'jJ o a.J cl I o I AO.J 

I,. U'Vl'W 1::-:'U 71J'lltlslfl7'\ll1J'W flr;'j 'e)\)\9) 10Jf7mrn::-: 'll17\9'17'lJ m~u 'ii ::-:m 'W 17l '.i7TI7'lJ7'.i t:1'117\?llU 'l"i'W '1'\ll fl~ 

'l 
""""11 9' 9' 0 I d 9' 

'll'e.l'1'il~ P 'W 3 'lJ\?l i~ '117fll\9'17U'l1'W'1'Vl'il~ P 1u1t1m1J'W1::-:'W11J'lltlsJfl1VlOJf1mrn::-:'ll11 ('il~ p 1 im::-:'il~ 

.al O 9' "'"' di ,I 91 ' ., 1')9' ., p,.) l'lJtl'W7'lJ7TI'j7sJHTI'il7fl'il~F1'1flmsJrn'WTI'lltlslflr;'J'e)s)U\9lr;'l::-:\9'11 ('il~ o, ur;i::-;'il~ 0,.) 'ii::-: !~'il~\?l~ 
di ' ~ 

'l'W 3 m1 OJfsll~'W~l'Wfl~ 3 iJ~'Utl'11\9lQ'Yl\917ll'11,Jsl'W'W 

~ 

~'1'W'Wtlt)Jtt7'l'W1::-:1J1JTit\9ltl~1tl ~tl~ 2 'l11::-:m1 fiv m1A'W'l17\917tmilsJ'lltl'1fl7Vll'Wfl~tl'1 
' ~ ' 

u~r;i::-:~Tvh~'W'il~l~tl1fl'W1J'W~'W'17'W ~;tll~tlfl17 Correspondence problem 1m::-:m1'117~7'Wfl~ 

AA O I O.J I c{ • 

3 'lJ\9l'il7fl\9'17tt'l1'Wsl'lltl'1fl7Vl~'1flm1 '11'.itl 3D Reconstruction 
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3.3.l Correspondence Problem 

9 91 91 "' d d 9 919 " I"' "' 
i'Wfl11Ufl Correspondence problem 'il~\9ltl~ilb1'-r¥1 i'lf i'Wfll1!1J'HJ1H'YW'lJ Ui'l~ 

!fltt!cnfllj !'LJ~ vrnviV'lJfl17j,j!'\"!1J'el'W 'U'el~1\9ltl 1 'WfllYH!~i'l~fll'W 1~vJ11tlmJ~tJ'elf1!~'W 2 1TI ~ti fllj 
q 

i~r11r11wt~il'llt1~fll'W (Intensity value) ui1~m1i~irmm-A~itli1~ (Feature) 'U'el~1191Q i'Wfll'W 

1 ~Vi'W 1TI ~i~r11m1rn 'lJj,J'IJ'eJ~fll'W 'il~~lfll1fll'W 1tl! 'V! 7fl7b1''V! ifoi'W l ( Correlation) 'lJ 'el~fl7fl17j,J 

!~j,J'IJtJ~m'Wi'W'lJ5!1fil1'el'lJ'1~~~vi'ill1tl!l ~~!~Vfl17 image windows ~u~i1~~1umJ~'Ut1~fll'W 
' . " 

'lJ5!1fil 'YiiJr11 correlation b1' ~b1'~'il~!~'W ri1'W 'llt1~m'W'Vi\?11 ~f1'W 1TI'W!~ Vfl17 Correlation-based ., q 

methods ri1'W1TI~i~irn'l:lru~itli1~'U'el~1\91Q i'Wfll'W 'V!~'el Feature-based methods 'il~i~m1 

" 
b1'f 1~ feature descriptors 'llt1~1191QU~i1~i'Wi'Wm'WmttJ~vrn'Yiv'lJn'W 

Gj 9I A O 9I 9I o 

i'Wfll1Ufl correspondence problem 'WVj,jfll'V!'W~'Utl~i'l'U'el~fll'W'Vll~C)flV Ui'l~'Vllfll1 

9,/ I d Q.J .d dQ.J' 'jJ 

fl'W'V!lb1'1'W'\Jtl~fll'W'Vl7~'U17'Vl\911~fl'W l'U'Vl 3.4 !1J'W\911'elV7~'ll'el~fllrnfl correspondence problem 
q 'jJ~A • ~ d cl d d d ' d Q.J 

1~v i'Jn'Ii correlat10n-based methods 'lJ1!1tl!'Vl!1J'Wm'el'lJ't1'!'V!i1Vj,J!'IJ'Wb1'1'W'U'el~fll'W'Yl\911 ~fl'W 

l'Li~ 3.4 mrnn correspondence problem 1~v1~ correlation-based methods 

fllj[!f) correspondence problem iJr111j,Jbllf1t\j~tlfllj'V!7fllvin~'Utl~1191Q!~'WtJV7~mfl 

_ t d & ~~ d QJ J 9,1 
'illfll1J'Vl 3.5 C)f~Ub1'~~j~'lJ'lJb1'!\9lt)j itJ'\flj~'Wl'lJ'U'el~fll'W'U'Wl'Wfl'W!j,JtJj,Jt)~'i)lfl~l'W'lJ'W, ~~ P Ui'l~ 

fll d 91 "' "' "' d 11! 91 91 "'i ( ) Q !1J'W~~'Vl\9l'el~fl711~'Wfl~ ~~'Vlfl11'il~ 1~'illflfl11Ufl correspondence problem fl'el~~ Pi.Pr 

( ) 
o oJ .Ji A 11!91 ,_ ) / ) Ji O o AQJ IIJ91 

trn~ q,, qr l')lj,J{ll~'lJ 01M'V!lflN~'Wm~ !~~~ \fJ I, qr irn~ W 1,P r Lj,JtJ'Y17flljfll'W1fil'Wfl~'il~ !~ 

~~ P' irn~ Q' 1911m'h~'U ~~~1iir11Yin~~il'i'~~'Wm~ ~~if 'Wmlj,JfJfli'el~'llt1~m11~~~i'Wt1~ 

"' 91 fll 1 

fl'Ufll'rnfl correspondence problem !1J'Wt1V1~mfl 
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P' 

0/ or 
.Id "' d "' )/ "" 31 

ru'Vl 3.5 fl'17llv-l~'YHll~'Vltll'iHfWl'll'Wf1'lJfll'Htf1 correspondence problem 

Epipolar Geometry 

q 'j} I d Q./ 'j} ~ ')) 

t 'W f11'.ifl'Wi17 ii' '1 'W 'lJ ti~ fl 7 'W 'Vl 1 ~ 'lJ 11 'Vl \91 '.i ~ f1 'lJ fll 'W 'Vl 1 ~ 0}11 £J ! 'W ti u f1 correspondence 
" ' ' 

problem 'W 'W mru 'Vi til'Vl'.i TU 'VJ fl''Vl l~'Utl~fll'.iA'W i17tll 'iH! ll\>1 'W i1l'illf1\'11U ml ~cif W'lJ'W 'lJ tl~ t 111~ £J 

3I II] cl I i di O 3lcl I"! cl , <!/ 

fl'Wi17 tU'V1'1~~~'il'Wf1'1l'il~fl'.i'lJ'Yl~tiJ 0}1~'Vl1imii-vnmmf1 U\91!'Wtl~'illf1ll Ep1polar Geometry 'ii~ 

I 'l 31 312'! I )/ 1 0 'l 31 31 I 'l 31 .Jl di d cl I 

'lf'1£J ti1f11'.iUf11J~i1l~l£J'lJ'W ~£J'Vll ti1f11'.ifl'Wi1ltlij t'WU'W'1'Utl~!ii''W\91'.i~!rt'Wi1'W~ 'Vl!'.i£Jf1'11 

epipolar line 

p 

epipolar line epipolar line 

\ P,. 

epipolar plane 

0, 

iiJ~ 3.6 irf1'l:Jill~'lltl~ Epipolar Geometry 

' " 
'W'ill'.iilll'.i~'lJ'lJii'!\o'ltln tl!!'lJ'lJ 2 f)~ti~'Viu 'W '1fll'.illtl~'Utl~ff~tl~'Vl~ii't1~1'i1 tiJ'lJ'W l'W f1'W ~~'.iiJ 

"' 
~ 3.6 flli1'W~ 1 tt'.i~'Wl'lJ~!fl~'illf1~~t1''WVf1'11~'lltl~f1~tl~J~ii-ti~U'1~~~'lJ'W11'1Q!1 £Jf1il epipolar 

plane U'1~\'11Ui1'W~~ epipolar plane l'i~t1'lJ'.i~'Wl'lJfll'W!fl~!~'Wttf'Wl'1'.i~ ij~f.lil epipolar line 
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""'l 91 "I d 91 "" ., <I [ ]T [ ]T inJ:J.J\91 t'Yl ~\P"l P fltl~\P"l'Vl\9ltMfl11'Yll'Ylfl\P1, t1flt\9ltl1 P, = X 1,Yi,Z1 w:,~ Pr= X,.,Y,.,Zr 
" ' 

;iU'Vl'il\P"lt~V1fli-.l~tl'il\P1 P q q 

[ ]T [ ]T .?I <Id .J' 11) • I ., d 11) 91 p 1 = x1,y1,z1 mi~ p,. = x,.,Yr,zr t1Ji-.lt1flt\9ltl1'Vl'lf rnV~~\P"l'Vl t\P"l'illflfl7'J'l!7V~\P1 P 'IJi-.1 

'J) 9l o 0.1 d \1)9.Jr Jt o J ~ o !)I 

'j~i-Jl'IJfll'Yl'lltl-:Jfl'tltl~O)f7£JUrl~'ll17mlHll\P"l'IJ 'il~t'Yli-.1 !\P117 t:1Jtlfl7'Yli-.l\P1~\P1 P, t'YltltUl'Vllfllrni-.l'Yll 

~\P1~\91Hfli-.1, ~\P"l P "'1lJl'J'tltl~~~lU'Ylil-:Jl\P"l~i~1Ji-.lf-:J~~tfl\P1,i-.l'illfl 0 1 iiJiJ'-:i p 1 U~t<ltl~'illfl 

" & " 
fll'Yl'lltl-:Jf-:i~il1u1~i-.17'1Jfll'Yl'V17-:J'll17 tJ1~~~tl epipolar line 'il~Hli-.1~\P"l Pr i-m.rn i~'Wi-.1~7 

91 91 • l l' 'l 91 • 91 91 d 
Tilm1t1TI1l~tirn ep1po ar me 1i-.lfll'Yl'V17-:J'\J17Url'J'Vllfll'J'fli-.l'Yll\9171.JUi-.11ttl'i-.l 'il~'Yl'IJ~\P"l'\Jtl-:Jfll'Yl'Vl 

" 
\91Nf1i-.ltTI1.Jtl 'Yli1flfll'J''Wt1Vfl'Jl epipolar constraint 

p epipolar line 

I, epipolar plane 

P, 

~ ~ 

ill~ 3.7 fll1Tif 7-:Jt'~i-.l epipolar line li-.lfll'Yl'\Jtl-:Jfl-a'tl-:i\911'll17 

0 d 91 91 'l 91 ., 91 "I & ., I ''l 
1. fll'Yli-.l\P1~\P"l'Vl\9ltl-:Jfl11fl'W'Yll'illflfll'Yl t'Wflrltl~\9110}f1V 'Yl1tl~\P1 p1 O)f-:J~\P1\P1-:Jflrl11'il~tl~ t'W 

'J'~'IJ'IJ'Wf1\P"lfll'Yl l 'Wfltl1.J'W1t\9ltl{ (pixel coordinate) 
• I A ., ., I 'l 91 ''l A ., 91 91 ., 91 1 'l 91 • I 

2. U lJ rl-:J'Yl fl\P"l \P"l-:J flr\71 ! 'YI tl ~ ! 'W 1 ~ 'IJ 'IJ'Yl fl\P"l flrl tl-:J 'lJ tl-:J fl rl tl-:J \9110)f7U \P1 V ! 'lf TI1.J fl 11 U lJ M 

" ' ' 
'Wfl\P"ll'Wl11'lfo 3.2 'U'W\9ltli-.!'Vi 4, 3 Uri~ 2 \9l71.Jilli'IJ 'il~,~~\P) P, vi-eh:i0-:itviV'Ufl'IJ 

A., 91 ., 91 d,,. & ,I .?I O A 

1~'1.J'IJ'Ylfl\P"l flrl tl-:J\9110)f7£J'Vl 1.J ~\P"l 01 ( ~\P"l fl-:J flrl 7-:J rn 'W TI) !1J 'W ~\P"lfllt'W \P1 

3. 'Vllfl11Tif1-:i~1P1 l'Wf ~~~tfl\P"l'illfl~\P"l 01 Uri~ p 1 11P1Vfll1rJillfilfl-:J~ a0 Uri~ a1 t~lfl'IJ 

p 1 11P1Vfl7 a0 mi~ a1 t~i-.l~l'W1'W'il~-:J'IJ1fllW] Uri~ a0 < a1 

- I 9 'J} 19 ~ QJ 'j) 'j) Q.I d A 

4. U1Jrl-:J~\P1 %Pi Uri~ a1p1 t'Yltl~ 1'W1~'1J'IJ'Ylfl\P"lflrltl-:J'lltl~flrltl-:J\911'll17 'V11.J~\P1 Or (~\P"l 

& ,I .?I O A 1 'l 91 .I A., I 91 & I ~ 'l 
fl-:Jflr\1-:Jtrl'W TI) !lJ'W ~\P"lfllt'W\P"l \P"lV ! 'lfTill mm lJrl-:J'Yl fl\P)'j~ 'YI 17-:Jflrltl~O)f ~ 'il~ flrl11tl-:J ! 'W 

., 91 I \/)_I 11)91 b b 
'Yl1'lltl\9ltl !lJ 'il~ !\P"l~\P"l 0P,.0 Uri~ 1Pr1 
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p,.0 Uri~ p,.1 l~H.Jfll'HJ7~7 z 'Uel-:J~'fl b0p,.0 Uri~ b1p,.1 lll'Vll'.i1'i'1cJ'.i~cJ~ 1-wnr</ 

'Uel-:Jffael-:J~1'U17 !~tl'Vll~lfl-:J~ bo !tr\~ bl ~7'JJ'a7\911J u-a1t'h bo Uri~ bl IU'Vll'.i~l 

vin'f'l'Uel-:J~'f'I b0p,.0 m,~ b1p,.1 'il~tl9i'\917!!'Vl'W-:J'Uel-:J~'f'I p,.0 Uri~ p,.1 

6. !!Url-:J~'fl p,.0 tm~ p,.1 'lttel~'l'l-!'.i~1J1Jvit1'f'lfll~'lur1el'JJ'Vi1t~el{ (l?ixel coordinate) 
,, ' 

1'f'lv'l'iYr<'JJm'.itt'1fo-:ivin'f'l'lu111~el 3.2 'U'l-!~el'l-!'¥12, 3 ur1~ 4 ~1'JJ-a11'11.i 

0 'l t dll) SI 91 SI 9' 11) 91 9' 
7. '1-!l'il'fl '1-!fllWl'M 2 'il'fl'Yl !'fl'illfl'Uel 6 lJlTI'.i7-:JTI'JJf17'.i!TI'l-!~'.i-:J 'il~ t'flTI'JJf17'.i'Uel-:J!i'l''I-! 

q • 

epipolar line 'lum~'Uel-:Jfl-ael-:J\911'U17 

,, ,, ' 
'l-!elfl'il7fl'WU-:Jr1'7'JJ7'.it1'1.ff'U'l-!~el'I.J~1-:i~'I-! 'Vllii'JJf17'.i!~'I-! epipolar line 'lum~'Vl1-:icitw !~el 

0 'l ~ fll'Vl'l-!'fl'il'fl 'l-!fll~'Yl7-:J'U17'JJel 
q 

'.i ~1J1J TI!~eln el~'l ~'l '1-!-:J 7'1-! 1ivd u '.i~ flel1J~1clfl~el-:J 2 ~1 l'fl cl~ fl~el-:JU~r\~~1ih~1J1J 

vifl'f'lfl-ael-:J (Camera coordinate) !~'W'Uel-:J~1!el-:J u~'l'l-!fl7'.i~l'l-!1tl!vin'f'l'il~~el-:Jih~1J1Jvit1'f'l~'l% 
,, ' ' 

07-:J O-:J'Uel-:J'1-:J'.i~1J1J 'V1t1@11 '.i~1J1J'Wfl'fl'Uel-:JTI!~elnel (Stereo coordinate system) l'f'lcJ'11 IU 

' ' 
'1

91 A<V 91 91 "' 91 ~ '191'1 91 A A<V clo, 11) 91 , ,I "1,1, 
'il~ 'lf'.i~1J1J~fl'flflrltl-:J'Utl-:Jflrlel-:J~1CJflcJ !~el 'lf 'l-!fll'rnl-:Jel-:J~fl'ft'Vl1'fl !'fl flel'l-!'il~U1Jrl-:J !1J'1;);'.i~1J1J 

vi n'f'lmvu ti fl~ el '1 tl 

'l 
I aJ QI a' I ~Cl.I 9) 9) Q.I tJ} 9) QJ 

u r<1u 'Uel-:Jr111'JJ r<'JJ~'I-! 'Ii '.i ~ 'Yi 11-:i'.i ~ u u~ fl'f'I flrlel-:J 'U el-:J flrl el-:J ~ 1CJf1mrn ~ flrlel-:J~ 1'll11 

Til'JJl'J t)'Vf 7 ,~ l'f'lcJf17'Vl'l-!'fl 'l ttfl17iH1'JJ'W'I-! £1~'Vl'Jl-:Jfl~el-:Jcit1mrn~'U17el~'luiu'Uel-:J Rigid body 

transformation 191-:JTI'JJfll'J 

P,=RP,.+T [3.14] 

Ao' \/)91<V I l'Lld'A ,Id O '191 91 
l'f'lcJ!'JJ~'.iflCJf R Uri~ T Til'JJl'Jt1'V17 l'fl'fl-:J~el !1J'I-! ~'ill'Jfillt1J'Vl 3.8 fll'Vl'l-!'fl 'Vl~'fl P..v !1J'\.! 

',, 
~'fl 'lu'.i~1J1J'Wfl'fl lr1fl 3 iJ~ 'illfl Rigid body transformation l'f'lcJ P,. Uri~ P, t~'l-!!1fl!~el{'V1; 

11Lld <'{ cl "' A<V 91 91 91 0 "' 11)91 
11J'Vl~'f'I P,,, t'JJel!'VlcJ1Jfl1J'.i~1J1J~fl'flflrlel-:J'Uel-:Jflrlel-:J'U11ur1~CJf1cJm'JJm'f'l1J 'il~ t'fl 

P,. =R,.P,v +T,. 

Pi = R1P,v + T; 

[3.15] 

[3.16] 
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P.v 

P, 

Yr 
d QJ QI cl ' AQ.I 'J) 'J) QI 'J) 

'.i1hl 3.8 f111'JJTI'JJ'W'W1i'.i~'\111-:'l'.i~'l.J'l.J'VHWlfHlel-:'1'\Jel-:'lfHlel-:'l\9l10)$1tlU'll~'\J11 
"' 

1191V~ Rr, T, U'll~ R1 , T; !~'W!'JJ\9l~fltM~i~i'Wfl1'.iUiJM~\91 ~v iiJli-:i~\91 P, trn~ P, 

\9ll'JJi'1~'l.J 'illflTI'JJfll'.i 3.15 U'll~ 3.16 'il~,~ 

P, = RJ>w +T; 

= R1[R;l (P,. -T,.)] + I; 

= R1R;1P,. -R1R;1Tr +T; 

P, = (R1R/ ►r +(T; -R1R/T,) 

dtc:1 Q.I lfl9J A,/ QJ.J' 
'illflTI'JJfll'.i 3.17 !'JJel!'YlV'l.Jfl'l.J'.iiJU'l.J'l.J'\Jel-:'ITI'JJfll'.i 3.14 'il~ t\9l!'JJ\9l'.ifl0l$ R !L'll~ T\91-:'l'W 

"' 

R = R1R,~1 = R1R: 

T = T; -R1R,~1T,. = T; -RT, 

[3.17] 

[3.18] 

[3.19] 

" ' 
~-:'l'W'Wt'.i1TI7'JJ7'.itl 'liii''JJfll'.i 3.14 1'Wfl1'.iUV'll-:i'Vir1191'.i~tt11-:iflii'el-:i 1191V'V1t'JJ\9'l~fltM R irn~ T 

1'J !)I I "" ,/ 1'J !)I d !)I 

'111 t\9l'il1flTI'JJfl1'.i 3.18 U'll~ 3.19 "1'1'W!'JJ\9l'.ifl0l$ Rr, T,., R1 irn~ T; t\9l'JJ7'il7flfl1'.iTiel'l.J!'YlV'l.Jfl'llel-:'I 

" ' 
~1'\J11U'll~cu'1vr1'l.Ji'W-:'ll'Wt1-:i~-:i ~-:'l'il~nci11a-:i i'W'l.J'Yl'V1 5 

3.3.2 fll'a'ttltll'Vinvt 3 mi (3D Reconstruction) 

' " 
!1J el'Yl '.i 1'l.Jfl11'JJ "1'JJ i 'W £ '.i ~ '\111-:'I fl~el-:'1 '11-:'ITiel-:'I ~ 1iiii' 1 fll '.i '111~1-vi r)\91 3 :u~ 111, ~ 

1 0 I d QI 'J) Q.I e::::l .J cl 'J) I QJ 111,.I QJ 

t\91 Vfl 1 '.i 'W lt] ~ 191'\J el-:'! fl l'W 'Yl \91 '.i-:'I fl'W 'JJ 1"1''.i H '.i-:'I TI 'ill fl~ \91 M fl'lll-:'I ! 'll 'W TI'\J el-:'! fl 'll el-:'! U\91 'll~ \911 ! lJ V-:'I 

o I .J QI A IJ! J' QI QJ _d _J GJ AA I ?1 A 'J) d{ 
\9l1U'\1'W-:'1'\Jel-:'lfll'W Ol$-:'!HTITiel-:'l!TI'W'W'il~\9l\9lfl'W'Yl~\91'1'11'W-:'I ~'W 3 'JJ\91 U\9lfl11'JJ!1J'W'il'.i-:'IU'll1 !'Wel-:'l'illfl 

"" !II "" r111 'JJ N\91 Yl 'll 1191 '\J el-:'! fll '.i !!fl correspondence problem u 'll ~ r11111 N\91 Yl 'lll\91 '\J el-:'! fll '.i '111 

' " ' 
~1'W1'.i1:U!\9lel{'l 'WU'l.J'l.J ~l'llel-:'lflii'el-:i r1111rf-:ii1Y1tf1\9l'U'W L~~\9lr1'W 'il~ -:'l~-:'IHTI\91-:'I 1 'W '.iiJ'V1 3 .9 

"' 
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r 
l 

I, I,. 

P, p,. 

o, 0,. 

V , V 

~,:i 'W 'W 1 'W '\'17-:i1l 01J~ \1 ~ l17~7tt r1,l ,:i vi n~ 1 'W 3 lJ~'U 0-:i ~~viii1~ f.J~ l17-:) \1 lfl f ,:i i1i-:irt0-:iU 0V 

d di c.1"' di d'd-=1 31 d di w w .ci i "' 
'Vl'tl~ U 'Vl'W ClJM fl'fl 0 ~~ fl-:) fl{l7-:)'U 0-:) nrH\91 tJ 'J 'Vl l.J'fl17l.J f.J71'W 0 f.J'Vl'tl~'\11\9\-:) 'Q 7 fl fl'IJ H rf'VJ-:j rf'eM l1 'Jtl~ ~ 

P' 1'Wi1l~ 3.10 

r 

P' 

I, I,. 

P, P,. 

~ ~ 

i1l~ 3.10 fll'Jl17rhvln~ 3 lJ~\17fl~~'UtJ-:)fll'W~\9\Nf1'W1'Wm-:i11611~ 

V ' ' 

11im1r11rhvln~ii~-:i~e11li'.i \11fl11lvi 3.11 flll1'W~1tt p 1 trn~ Pr t~'W~~~'ll0-:im'Wvi 

QJ d 1q -C\ QI 'jl 9' O.J 'jl O QI 1 d QI e::!. d 
m-:ifl'W'Vltl~ i'W'J~'IJ'IJ'Wfl~fl"B-:i'll0-:ifl"t1-:i\9\10Jf7mrn~'ll17\9\7i.Jm~'IJ, ap1 ~f.l a ER tll'iJHrf l 'Vl 

• 931 ! fl1w-=1 d, 
Hl'iJ~~ o, (a=O) trn~ P, (a=J) trn~il1 T+bRp,. ~f.J bER !lJ'iJ'J-:jrf r 'Vlrll'iJ~~ 0,. 

,9 "" w 31 31 w 31 o 9 31 ?I (b=O) trn~ Pr (b= 1) 0~ i'iJ'J~'lJ'lJ'Wfl~fl{ltJ-:)'UtJ-:)fl{lt)-:)\9\'JO)flf.J, flll'l'iJ~ il1 w = P, X Rp,. !lJ'iJ 
I jl jl f SI I 

nm\9le1'vil9Y,Hnfln'lli-:ii'-:ii1 l irn~ r d1u c t~'iJ'fl17i.Jf.l71'UB-:in'flt\9\0{ w vi~uvirt~ 1~f.l c ER 
q 



r 
l 

o, 
.. 1.d ✓d 91'1 9' , AQ/ 

':i lJ 'Vl 3 .11 n fl l \91 ti ':i 'Vl 'l 'lf 'W fll 'j ff ':i 1 ·H'OJ m nn fl l'VffWI .. 
Q ~'l .Id ~91 
'\l'l'ill'HU1t1fll\91tl':i 'W':iu'Vl 3.11 'il~ t~l1'ilfl1':i .. 

ap1 +c(p1 xRp,)= bRp, +T 

ap1 -bRp, +c(p, xRp,)= T 

9) d ~ I 'J} O I AQ/ 

Uf111'ilfll':i'Vl 3.20 l'\l'ltl'l11fll a, b u"~ c Um'W1"1t1lfll'\l'lf1~'1Jtl-:J~~ P' 'illf1ffilf11':i 

P' = ap1 +~(p1 x Rp,) 
2 
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[3.20] 

[3.21] 

m1 'l~m1rni ir-:iimcirn{'l 'W ':i~1J1Jffl\91ti!iti l~'WmHnmlff-:Jl"!OJrn{u1Jrn~'W (line laser) 
J Q., d 1 91 d "'?I 91 <;91 ., J Q 

"-:J1J'W'Yl'WN11\91tl .fll'Yl'Vltlltl'illf1f1"ti-:i CCD 'il~m'Wu 'W 'J'llti-:irntOJfm lu'W!ff'W i fl-:J\9111-rnmrn!~'Yl'WN'J q 

I j/ j/ J 

Q/ Q/ ,.IA .e.i. t:::l I '13' !)) I ,el d:! 
'lltl-:J1\91Q~-:Jlu'Vl 3.12 l'Vlfl'Wfl'W'lf'Jtl ttmrnn correspondence problem -:Jltl'll'W l'Wtl-:J'illf1 

mm1u 'l ~~1imil-:i'llt1-:iuir-:itmOJf0{~-:i~fl11iiir11-:in1i-dTw rl'W'llti-:im'Yl 'l 'W m1ri''W tt 1 ~~'llti-:im'Yl~ 

\91 ':i-:J fl'W 1~ ti i~~ ti-:i fll'W 1a1 fl lff'M irm~'W £ 'lltl-:J fllfl'Jlil i'li'mi ti-:i fll'Yll 'M i'.iti'W fl1J11l correlation

based methods irlti'Vllf11':ifff 1-:i epipolar line 'il~ffli!Utl'Ml~~'lltl-:Jfll'Yl~\91':i-:Jfl'W 1~tif11':i'Ml 
,, ,, ' 

~~i~1~tt11-:i epipolar line ii'rn~'WrnlOJft1{1J'W'Vl'W~hi'W-:i1ui-:iiiJvi 3.13 l~'Wf11':i'lf'Jt1"~tlqitt1 

m1i1Jfiti~ u"~"~fl11iii1Joi¥t1'W 'l um1il1u1a1-wfi~ i iJi$i'mn .. 
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.... 1.d 9) ,I a.J ~ I 9) 
11J'Vl 3.12 U'W1'1Jel-:J!'ff'W!Il!CJfel'J'lJ'W1\oltHlJeltllf.J'illf1fHHN CCD 
~ q 

'] I ,/ c:J 9' ,/A I , _,\ 

! 'W f)l 'j t)lf.Jfll'Y'H! TI-:J !&'l!CJfel 'J 'il~!'\1 'W!'ff'W!mCJfeJ'JlJfl11lJ'l'l 'WllJlflfl11 1 pixel ! 'W el-:J 'illflfll'j 

,I 9/o<>J <=19! 
m~'illf.Jelelfl'llel-:JU TI-:J!,HCJfeJ'J \ollm~f.J~'Vll-:J U'1~'1Jel'il1 fl\Pl'Vll-:Jfllf.Jfll'W'llel-:J CCD elements 'il-:J\olel-:J 

0 di 9/ o'di 9/ ,/ J '"' I I 9/ 
'Vl 1 m 1 '1'11 ~ \Pl fl-:J flm-:i 'IJ el-:J i 'ff'W rn i CJfel 1 CJf -:i fl 11 iJ fl 11-:i 'IJ el -:i rn i CJfel'j 'ii~ 'll 'W el ijfl 'lJ 1 ~ v~ m-:i 1 ~ '1'111-:i fl'1 el-:J 

,, 
QJQJ QJ.<:::::li 91 .-.!!~ 

fl'l.J1\ol Q !!'1~ ~ill TilJ'lJ \91 fll'J 'ff g;'Vlel'WU TI-:J'Uel-:J'W'W N1 

I 9) o' ,=!{ I 9} IG\ I 

'illflfll'J'Vl\P1'1el-:J'W'lJ11fl11lJfl11-:J'IJel-:J!'1!CJfel'j !lJeltllf.Jfll'W'illflfl{lel-:J CCD 'il~elf.J ! 'W'ln-:J 2-10 
~ 

. 1 '1 A d 9' 9' ,/ ?I I O I di ,I '1 9' I ?I pixels \Plf.J i 'Wm ill 'Vlfl11lJfl17-:J'Uel-:J!'ffW'1!CJfel'J !1J'W!'1'1JfJ\ollU 'l'l 'W-:Jfl-:Jfl"7-:J'llel-:J!'1!CJfel'J 'ii~ i 'Mfll! 1J'W 

"" .,\ '1 9'11] 9' • I '1 Ad 9! .,,,, 9! • 
'Vlrl''Wf.JlJ !'Wel i'l'I t\Pl subpixel accuracy !'M'W i'Wmill'Vlill'W'llel-:J!'ffW'1!CJfelrnm1llfl11-:J 4 pixels 

O I .J ,.d , d 
\911U'l'l'W-:Jfl-:Jfl"1-:J'ilg;elij'Vl pixel 'Vl 2.5 
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.. 
A o V A A 

3.5 trlrl'l-!rlfll'fi'll~YlflHtM'U'l-!'ll'l-!-:iTl-A 

y ' y 

1 'W fl1'j'J~~'W-:Jl'W'Viijfl1llJCM'iJnit'el'W !'lf'W 'Vl'W thij~fnltl!~t~'W'l'H1ll ·fo-:i '11~'el1Jfl1llJ'lf'WiY-:J . "' 
A 0, ,,. 0, d 91 " 91 "' 0, "' "'J'li] I 91 0 

tm'el-:i1~Yl f1~m 'i1 lJ'el-:Jt'tt 'Wt iY'Wm t CJf'el'J 'i11 f1f1t'l 'el-:Jt'YHM 19'111~ en 1 'Wm ru 'W 1llmm rn 1 'lfm 'J m'W 1ru 

A QJ Ac;' 1'l tJ} Jt AA el 9) o o I 1 91 9I 0 

Ylf1~U'lJ'lJ'a'!\o'l'el'J t fl t~ !'Wfl-:J'i1lf111if11'J'W 'i1~\o'lfl-:J'Wl\9'11U 'tt'W-:J'llfl-:Jfill'l 'W f)t'l'eWUltlU't'l~'ll'"JllJlfll'W '"JU! 
y 

i-:iiYfl-:J'i1~ r11f1$fl-:i m1f11'W1ruvin~ 1u~1m1il-:i~-:if1ci11fl1'i11.ff1ilm1'llfl-:if1fi'fl-:i~1t~t11 U~fl1lll • 
91 I ,A "' 1 0, d d .?I 19191 91 "' 0, "' 1 fl f)\o'lfl-:JU't'l~mlll'W l! 'lfflfl fl 'W f11'j'"J~f)'e)l 'i)(1~'1-:j t'W fl-:! 'i11 m 1J'W f)l'j 'lf'llfllJ (1 'i) lf) f)(lfl-:Jt Yl tl-:1911!~ tl1 'W 

"' "' 
0 """' ,k "' ,,. 11]91 

f11'Jfll'W1t\!Ylf1~ CJf-:J'ell'i1lJfl1llJH~Yl'11~ t~ 

y y ' 

1 'W -:I l 'W 1 'il ti 'W f-:i I ~1.ff t 'Vl fl 'W fl f) l 'J vi 1 ~ ~ ~ 1-:J V -:J 'lJ 'W ~ 'W -:I l 'W t 'Vl fl t t fl iJ t1J '111 ~ -:I fl ci 11 t ~ ti 
I I 1 9/ )I j} 

'i1~~1-:JV-:J'Vi1 .ff t~'W'J'U~t'l1~tllJ'il\o'lf iY~fll'll'Wl~ 10 X 10 i'Jt'liltlJ\o'l'J'lJ'W'Vl'W ~'lll1 'U'W \o'lfl'W 'll'el-:Jt'Vlfl'Wfl'W . "' . 
y 

ij~-:i~fl1tli1 
y y 

1. 'W 1~~~1-:JV-:JlJlU'U~'lJ'W~'WN'"J~'W-:Jl'W 
y ' 

2. ci1t1ml'l~~~l-:J~-:J'lJ'W;Wll'W ~-:JU'a'~-:J1'Wl'U-yj 3.14 
y 

3. 'Vilf11'J1~;'W-:Jl'W\o'lllJ'Ufl~ 

A d ~ 0, 11]91<>"-' Ii] I 91 191_1d 0, ~ 1 I 

4. tllfl!'a''J'i1-a''Wfll'J1~ 'ttlfl t~Ylfl~ tlJfl'J'lJfl'"J'W m1Jt'ltl'Wt'lf1llt\!~fll'J11-:J'lf'W-:Jl'W 'ttlJ 
'J) t )I I 

1~t1i~;'W-:i1'W 111'fl~1 'W~1u ml-:i'Vinfi''B-:ille-:it~'W~'W tl11 u ri1"W'Vi flfl'lJ~u-:i 1 u m11~ 
"' "' y 

r1i'-:irieu 
y ' 

s. 'Vi1m11~1mJ 1~t1'Vi1\o'llll'U'W\o'leu'Vi 2 - 4 'i1'Wfl1l'i1~1~vin~1'W\9llU'l1'W-:i~1-:iG"J'lrn-:i 
y 

,,. 91 
'lf'W-:Jl'W fl 'J 'lJfl 1'W 

... Id I 9J A A 

'J1J'Vl 3 .14 m'V'l flltl'llfl-:i 'i1 ~ m-:i fl-:J'lJ'W 'lf'W-!ll'W "' . 
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... Id <JJ 9' ~ G) a.I ' QJ 

':ilJ'VI 3.15 fll':ifl'W'Ylll.Jl.J'Utl-!l'il~tJl,reJ-!I t 'Wfll':i'J~LWHl~fl':i-!I " . . 
I iJ I j} I 

'ill f) fll ':i '¥1 ~ 1U '11 'W-!l 'U ti-!!~~ l1-:i0-:i L '¥1 cJ'lJ fl'Ui'W-:i TW, lJii f)l ':i L tJ~ tlU u tJ {'j-!j 1'1-!l 'Wu dfovi 1f11 ':i 

dt ~ 0 I 3J~G) a.I I ttJJ<J) QJcl O.J 

L ']$ti lJ ttl-!1 \911 U '11 U-!l 'Utl-!l 'il ~ m-:i ti-!! I U f11 ':i 1~ H\91 {'I~ fl H L 'U 1 ~ 1 tlf)U f1 'il ~ bl'1 l.J1 ':i fl':i 'Jl.J i:,,J {'I 'il 1 f) f11 ':i 1 ~ • 
,,, 3) SI I 

ttmcJ~ fli'-:i 1~ mlhm11~ 1 uu~{'\~fl1-:J'il~ii~mJru~m111-:iiu-:i1u'viu\?1n~1-:itiu 

'11 ii'-!!'illf)~ ,~ ~1U '11'W-!ll.Jl.J 'Utl-!I~ ~~7-!10-:J 1 uu~ {'\~fl1ViUii'1 ~1U '11'W-!11'1-!!f)ri11'il~ mJ1 u ':i~'U'U . . " 
~ti~m'Vi1Ufltll.l'YhL\91tl{ (pixel coordinate) 1,rv11m1utJ{'j-:J~~ 1tJv-:i':i~'lJ'U~tl~ L{'\f) 3 ij~ U{l~ 

9 9) 0 ~ 9 ,._, dt O <J) i=:\ d ?1 A QJ ')) QJ O tj) QJ ' 

t'J$fllbl'-!I tU rn':iUml.l CATIA L'Vit1Ul~~tll-!ltl-!l'VIL1JU~~L~tl1f)UL'U1'\11f)U 'il~'V111'11i:,,J{lf11':i1~1uu\91 

t QJ A QJ ~ QJ d <J) A <JJ I 

{l::;m-:i11-:i \9111 uu u 11~ v1nu 'il-:Jbl'1m 1 m1l.lnu iuu 'Utll.l {l'l$~L~t111~ 1 u i11u 'Ut1-:i i:,,i{l m1V1~ {'!ti-!! " . 
Ubl'~-:i111U'U'VI~ 6 



I 
cl 

'U'Yl'Yl 4 

4.1 rll'Ul 

~ t I ~ 

1'1-J'l.J'Yl'Wnrl11i1-:i Lflj-:Jbl!1-:i'IJ0-:iir1!0-:i1\>lvit1\>l 3 ii~1u-:i1u1iv U't'l~ hhum1J"V1~w1m~u 

ivf 01 ~fl1'l.Jfl1J f17j 'V11-:J7'\.J 'lltJ-:J!fl~ o-:i1\>lvi fl\91 n1Ji1-:iih1'1 mf u ~ou f17j'V17-:Jl'\.J 'llti-:J!fl~ o-:i 1 flj -:iblf 1~ 
q 

'1Jti-:Jtfltti~'V1THtl'1~i"l7'lf\>lf1i\'o-:iifliou t 11e1-:iihu tttl-:i~ 'il ~'V17f17j1\>l 'lu '\Jill~~ 1 Vj unrniJtt tl'1~ri-:i 
q 

o.;,, o A dt o i1 
fl7 bl~ U '1 ~ ~ j 1 'il bl ti 'lJ f1 U 'Yl H 7 '\.J 'IJ tl-:J U f1 '1-J! fl '1 tl '\.J 'Yl 'Yl -:J 3 !! f1 '\.J 'fl 1 'l.J fl 1J f17 j 'Yl 7-:J 7 '\.J 'IJ tl-:J f17 j \Pl 

0"' 2: "' 9),;;i 11) I 9) 9) 11)9/ v j ~jJ 1'1 Ni'l mi"l u "~ fl 1'l.J'fl1J '17\>l'l.J'IJ '\.J ~ ou m j 1\911 mllu t tlov1-:i tin~ o-:i 1 '\.J ~ 0u 'Yl 1cJ'IJ0-:i 'l.J'Yl t \Pl q ., 

"' ~ 2: 19' 1· I di 9''] 9' 9' '1 I I "' ,/ I I O "' 
tl'li'l.J7VtM'IJ'\.J~tl'\.Jf17j 'lf-:J7'\.J 1JjUf)jlJ Cl1-:J~ t'lf'il~~tl-:J tbl'fl7'WU71J!~tlj~7-:JC7] f1tl'\.J'il~'Yl7f1lj1\>l 

~'\.J-:J7'\.J tvftl 1,_rt~N't'lf17j1\91~71J~¢ltl-:Jf17j 
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hiiu~ 4.1 !fl':i-:Jfff1-:i'lrn-:1tfl1ti,&~'m,Jfil~!~'WUfl'I-Hfl~tl'W~ 3 Uf)'W~tl Uf1'W X, Uf1'W y 
dt 4 QJ (V Ill A 9) ti 1 

Uil~Uf1'W Z 'Vl\9l-:JQ1f1CJMf1'WUil~f1'W 'lliJ!fli'ltl'W~1tl1Jtl!\9ltlrn'U'U Brushless DC Servomotor Nl'W ., 
'lf~'Utlilffm 'U'WUf1'W z 'il~ii1m-:ifff1-Hhi1i''U~~~.:imfo.:i CCD 2 ~1 nirm1ru~t~'W':il.:Jrl1r1i''U q ., 

' ., ., 
~ ,. I QJ I 9) QJ ,. I QJ 9) \i1 'J} q 9)A QJ I O A 

mti'W 1J':i'IJ':i~tl~fl111Jr11.:J'lltl.:Jf1i'ltl.:J ':i11J'Vl-:Jff11Jl':i tllJ ':i 'Ul,j1Jf1i'ltl.:J t~ Ui'I~ t 'lf\9l~\9l.:JU'l1il-:J f11!'W ~U ff-:! 
., ' ' 

mtCJrn{'lf'W~!~'W (line laser) !~ti Lfl':i.:Jfff 1-:iih~'W 1m-:ifff 1-:i'Viui'1Ju1 .:itvim~1J'illf1 ! m-:ifff 1.:it~1J 

,d,c1 1 , .Ji ?I 'l 91 91 ., ,c1 
'Vl1Jtl~f1tl'W CJM!u'WU'U'U t'lff1iltl.:J\911!~tl1 [7] 

I I 'JI I 

Uf1'W!fl~tl'W'Vi'l'l.:J 3 Uf1'W'lltl.:Jtflttl.:J'il~\)f1flTUfJ1J !~tl~1fl1'UfJ1J 2 ~1~tl ~1flTLifJ1J 6250 

'lltl.:J'U11'J'Vl Parker Compumotor ~.:J'il~ff.:Jfl1i.:iiu~~umci''llrnfl~tl'W BL30 un'Vi t~tii~ 

' ' 
fl1'U fl1J f11':i t fl~ ti'W'Vi 'lltl-:J Uf1'W Y Uil~ Uf1'W Z ff 1'W ~ 1fl 1'Ufl 1J BLX30 'lJ tl-:J 'LI 11'J'Vl Parker 

q q 

I I <JJ <JJ 
~ A QJ QJ q 9' A dC) I o' 

mrn11rnmtn'W!fli'ltl'W'Vl'Vl.:J 3 un'W'W'W 'il~ t'lffltl1J'Vl1t\9ltl':i 1'Wmrn11Jfl1JN1'W'Vl7.:J'Vlm\9l q q 

., ,,\ I ., .I ., ., ., ~ .I ., 
ti'4m1J (RS232) 2 'Vlm\91 t'lftl1J\9ltlf1'U'Qumfilfl1'UfJ1J1Jtlt\9ltl':i 2 \911fltl 'Qumfilfl1'UfJll 6250 Uil~ 

.I ~ .Id ,,\ I .I ., .,., "' ., 
tiu m ru mu fl1J BLX30 1 u'Vl 4.2 u ff ~-:i 1 ~'LI 'LI m 1 t 'lftl 1.J\91 titiu m ru m'LI fl 1J1J tit\91 ti':i n 'LI fl ti1J'Vl 11191 ti 1 

q q qJ q q 

O 0, A .I ,/ 'l 
ff1r1 ':i 'LI ':i 7 tii'l~!tl ti~'ll ti.:i tiu m ru mufl1JU i'I~ mm 1u fl1J 'il ~u ff ~-:i i 'Wfllfl N'W 1n n q q q 

BL30 Y-axis 

D 6250 

BL30 Z-axis 

BLX30 X-axis 
Computer 

... 1J A 1 r/ o'QJ A a' 
iu'Vl 4.2 m1 t'lftilJ\91 ti 'QU m ru fl1'UfJ 1J1J tit\olti 1 n'Lifl ti1J'Vl 1t\ol ti 1 

91 ,d 'l 91GJ I t ., ?I 91 0 ,d 91 I 

f1iltl.:J'Vl t'lf t'Wf11':itlltlfll'Vl'Vl.:Jfftl.:J\911tu'Wf1iltl.:J CCD U'U'U'll11~1tii1tl PULNIX 1'W 

TM300 m1i''Ufll'Vl~ci1t1'illf1ffti'ti.:ii~m{~i'1Jsu'mJilfll'Vl (image frame grabber) i'W DT3155 

'lltl-:J'U11'J'Vl Data Translation 1~m~tl1J~tlf1'Uflti1Jvi1t\9lti{rl1'W'Vltif191 PCI ':iltlil~tutl~'lltl-:Jf1ilti.:i 

., ., 91 11)919 
CCD Uil~f11':i~':i1J'lltl\ji'lfll'VlUff~.:J n t'WfllflN'W1f1 'lJ 
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~QJ A J ')) o' 
'U':ir:l'Vl LaserMax llWrnJt111rrn'W 635 nm, Power output 4.25 mW, 'fl17llf117-:J'llO·mw1n:i1 0.8 

:ill'li'ILllm rJ\9"1':i7f11':im:::'il1t1oof1 (divergence) 0.6 mrad half angle 1~mii1-:iiiw1rn{'il:::0~111-:i 
,, ' ,, 

'\l1f1i'W-:J1'W,vi'V11f11':i1~ 1 'W':i:::t1::: 120 - 250 :ih1i'!!ll\91':i ~'WO~f1'1Jl,)7U'\1'W-:J'llO-:JUf1'W z U'1:::'fl11llij-:J 
,, 

'llO-:Ji'W-:Jl'W 

' ,, ,, 
i 'Wf11':i'fl1'U'flllf11':i'Vl1-:J7'W 'llO-:J!'f1!0-:i1~vi fl~ 3 i'.J~t!'W ~l!~'W 'il:::~O-:J'WWJ'W 11 i.11 umll~'W • 

A ')} O o', G)9' ')) Q,J c/0,1 I li)!il I QJ 

rvrn 1 'lf'fl1'U 'fJ iJ m1 'Vl 1-:i 1-w 'll o-:i ~ii mill \9"17-:J ci i '11 i1o~r1"' o-:i f1'W ~ i.lm ill~ -:i f1"111 i ~ im \9"11'fl 1'U 'fJ ll 
o' QJ o' o'o,91 ')91 

lJ0!\910':i 6250 \911'fl1'U'flllll0!\910':i BLX30 irn:::m1~':i'lJ'llOll"1fll'Yl DT3155 'W0f1'\llf)'il::: i'lf . ~ 

o _I o' 91 ''LI o "'"' 91,d t d 
'fl 1'U'flll f11':i 'Vll-:Jl'W 'llO-:JO 1Jf1':i illU"11 i 1J ':i Uf1':ilJ'fl 1'U 'fl lJ f17 ':i 'Vl 1-:Jl'W tl-:J lJ '11 'W l'Vl 'fl1'U 'fl ll'll 'W \91 O'W f11':i !fl'U 

q q q q 

' ,, 
QJ e:9 ')} O ~Q,J QJA ')} <r ... l AQ/ e:9 .c::! 

';i1'lJ':i1lJ!!"1:::'lJ'W'Vlf1'llOl.J"1 f)l'j'fll'W Jill 'Yjf)~ m1:::m1 Uii'~-:J rl"1f11':i1~0f)~1tl rn':i Uf)';ilJ'Vl'YlWJ'Wl'll'W lJ 

~011 StereoCMM 1~t1iol¥m111 C++ i17-:J7'Wflltl1~1:::'U'Ui.1611~f11':i Microsoft Windows 

2000 1~v11¥ Microsoft Visual C++ 6.0 L~'W'flOllim1rno{ 1i.lrnmlliJi1f1'1:lill:::~-:iiil~ 4.3 
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1-I ,'I O 1ij !J/ !J/ I !J/ !J/ ,'I 

1J ·rnnrn StereoCMM b)'71Jl'HHtHlfl'\11J 1~fll'j'V] 1-!ll'W t ~ 'illfl'\1 'W 1~ 1-!l'Vll-!l m'W C)fltlll ti 

.J _I !J/ I o d_, G\ o I ,'I 

C)f-:J1J':i~fltl'U~1tlfl'11Jfllbi-!l t'Wfll':i'Vll-!ll'W 3 flt'lll flt! Scan, Image Controls Ut'lg; Move Axis • • 
' y 

1 I I A !i/A I QJ A t:::l(lJ-=l 

~ mi~t'l~ flt'l iJ 'il~iJ'\1 'Wl'Vl u~ nm-:i fl'W ':i ltlt'l ~rn ti~ii~ -:i'W • 

4.3.1 Scan 
.?I O dq 9'q .., A .., q _ 1 d 1 !J/ . 0 I 

!1J'W'Vi1J1~fll'j'VJ1-!ll'W'Vl t'lf i'Wfl1':i1~'V'lfl~ UbiM b'Wl1J'Vl 4.4 ~tl~tl-!lfl1'\1'W~fll 
' y 

~1-:JG-)-vi~l!~'W~tlfl1':i1~~-!!U 

[I] Scan ~I Image Contr9ls I -EJ Move Axis h; 

, Size, of Obiect--~---;, 

X: I .. 100 

Parameters-----~ 

Lines; I 100 

Points : (+'., High. 

(\ Medium 

(\ Low 

Output: !c:\Temp\test50\ 

.__ ___ s_ca_n ___ r 

• 'IJ'Wl~'UtM1~1J t'WU'W1Hfl'W X (Size of Object) 

1~n1'11'W ~'IJ'WWl i~tiil'.i~mru 'llt1-:i1wq~~0-:im':i1~ 1 'WU'W1Ufl'W X i~ti hi' 
1 il':i unrni'':i~tl~'Vll-:Jrr-:i'Vill~~~tl-!l!fliti'W ~1 'W fll'j')~ ml 1t1~1 ~!~'Wilt'l~!ll\91':i 

,. 1.q 9.! d 9J QJ 

• 1Jrn1ru ~~H'1~!bi'W'Vl~tl-!lfl1':i1~ (Parameters) 
q I , .?I ,'I O 9) ,'I O , d 9) OJ 

t'W'lftl-!l Lmes !1J'Wfll':i!t'ltlfl'ill'W1'W!bi'W '\1':itl'ill'W1'W section 'Vl\91tl-!lfll'.i1~ 

.J .?I O q I q I • .?I ,'I -1"" 
C)f-:J'il~!1J'W'ill'W1'W~~ i'WU'W1Ufl'W X b1'1'W i'W'lftl-!l Pomts !1J'Wfl1':i!t'ltlfl1J':i1Jlfil'Utl-!l 

~~~~tl-!lfl1':il'WU'W1Ufl'W Y mmnu~tim~'W High, Medium '\11tl Low 
di q 9111] !J/_ I"' -1 <!I 9' o .., 1 di <!I • 11] !J/ 

!'V'lti m t~1Jrn1ru~~mfl, 1Jl'Wflm-:i '\1rn'Wt1t1w1iim~'LI ~miitiit'ltifl High 'il~ i~ 

~1'W1'W~~ 576 ~~ 1rl0i~t1fl Medium 'il~t~~l'W1'W~~ 238 ~~ ih'W Low t~ 
~1'W1'W~~ 60 ~~ 
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.dll] 1 !ll!ll9!llo ?I ., ll]!ll I A dt "'!!1 .,,,d 
m~Ntl'Yl il.J hm i 'l1fl1'11'W~!1J'W mm'll i~tit11-:iti""':i:::!'W'eN 'illfl'il:::l.J1JUJ'l17f1'HU 'Yl 

q ~ u 

m1 tilM~1!fl~!~'Wm'll'Ylrf'Wtil.J ~-:i til""1m1t1'Yl1 L~!clti-:i'il7fl\917U'l1'W-!l'lltl-!I pixel 
" 

!~'W ~1!tl 'lJ ~ l'W 1'W!~ lJ ! 'Vl 1 'W 'W 

dt II] c:l "'.d c:l ., ~ II] __ , ., !ll 
• 'J1tl L~!':ifl'Yltl':i'Yl'il:::!fllJlJ'W'Ylfl rntl'Utll.Jtl 

'l !ll'] A ., dt II] c:l "' .d 'l !ll'] c:l II] •• I ., A ., "' A ,'I 

L'l1 L'Wfl1':i'VW'V'l'J1tl L~!':ifl'Yltl':i'Yl L'l1 L'Wfll':i!fllJ rntl'V'lfl~~~ ttrntll'ilfltlfl!tltlfl 

L~'illflUl.J d 
q 

di !VG} 9'q I 9/ d O .?1 I QJ .e::! 9' 9' ~ d ...'I ~ 
!l.Jtl~ i'l1 rrl''lltl3.!t1'Yl'ill!1J'W~tlfl1':i1~!':itl1J':itltlUt11 ""1m':it1fltlfl'Yl1.Jl.J Scan !'V'ltl 

!tl.J#l'W'Y11m11~ t~r1'W'Vi 

4.3.2 Image Controls 
c:l I O .:, .d9 !ll'] 0 ., ., !ll di ?I 

!rl'W mJ l.Jfll""-!l'Yl L 'J1 L 'W fll'j fl11J fl lJ fll'j 'Yll-!ll'W 'lJ tl-!I fll'j mlJ'll tl3.!tl fll'V'l '1M ! lJ'W fll 'j 

r111Jr1l.Jm1ciwm'V'l 'LI'W'Vimn'V'l !U~1i.lm'V'l !m:::i.lf1J~1r111l.J!~l.J'lltl-:Jfll'V'l 1i.l~ 4.5 u""~-:i 
q ~ ~ 

!ll • .:, di"' ']!ll .,,1 
'Yl'Wl'iltl'\Jtl-!lfll""-!I Image Controls OJf-!ll.Jfll'j i'l1-!11'W~-!l'W 

' (!I Scan:, ~ Image Controls I e Move Axis l 

• Setting Levels----~ 

White Black 

- High 

- Low 

I' lake Picture I ~ave j ' Qpen 

ill~ 4.5 '11til'iltl'lltl-!11'17J-:i1'Wfltjl.J Image Controls 

• Setting Levels 

1 i1 'Wfll':i n1tt'W ~ 'j :::1o11Jr111m,rl.J'\Jti-:ii1'll11uii :::i1~1 t 'Wfll'V'l !~tl! ~'W m1 \91~r11 

"' o o 'l !ll ., "' "' ,1 • I "' II] !l/1 'l !ll "' dt di !ll 
'\Jtl-!1""'\J71Ut1:::~7 'Yl1 L'l1fl1':i1~l.JNtl~'U'W ""1l.Jl':itl1J':ilJ L~ L~tl L'l1~1!tltl'W OJf-!ltll 

#lti-:ifll':i i.lf 1J~lfl17l.J ! ,rl.J'\Jtl-:Ji1'll111 tt i.lf 1J\911!~tl'W l 'W ~l'W White u~h1r1#lti-:im1 

li'.i1Jfl17l.J!'tfo'Uti-:Ji1~11tti.li"u~1!iti'Wl'W~l'W Black 
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• Take Picture 
d , d 9IGJ , .Ji d , 11) 91 GJ , _ J 

d'l-w1hJ'Yl!'lf !'Wf1Utlltlfl7'\l'l 0)1-:jfll'\l'l'Yltlltl !l'l'il~Uil\91-!I !'W'lftl-!l';i'Ufll'V'l'YlH . ~ 

91 I 'LI ., _1d 
1'17'W't'll-!1'1ltl-!I rnrnnrn 1'1-!iiJJ'Yl 4.6 

d d I 9' q I 

iu'Yl 4.6 f111Uil\91-!lfl1'\l'l'Ylt:lltl'il7f1mrn-:i t'W'l5tl-!IW:11'1-:ipJm'V'l 

• Save 

'l~t'Wf111'1J'W'nf1ium'V'lr:1-!liJ'W ivlt 

• Open 

1~t'Wf171bilmum'V'l'u7f11vli~~tl~ 
~ ~ 

4.3.3 Move Axis 

Hiil'l-:i t'W nJ~ 4. 7 b~'W nci:1J~1i-:i~'l ~'l 'W mHniJr1:1Jm'.i iri~eJ'W~'lleJ-:i un'Wbfl~eJ'W ~ 
~ . . 

V V 

'n-!I 3 bbf1'W ih1t1r:1~b~tl\'lf11';it~-!ll'W~-!l'W 
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11.J Scan I'~ lm~ge Controls -El Move Axis 

Distances 

X I 0 mm 

y I 0 ·mm 

z I 0 

I Move H StopNowl · Clear I 

• Distances 

!~'W 'lffl·HY1'11 f u "l ih~ ti~m-:i ~~ fl-:im11 ttu~~~!!fl'Wtfliflu~ tu hwu~ ~~ 

!!fl'W'O~~ifl-:ithttfu1rir11!Wflfl'W ttil1c1~1~i~uil~ilmm 

• Move 
d I d '3,J dt 3) G) 9/ dt QJ dt d 1 d I I 

i rJ 'Wu iJ 'l'l 1 'lf fl~ rn fl \ol fl -:i flu i '11 i fl 1 fl n ~ i fl~ fl 'W 'l'l \ol 7 iJ fl 7 'Vl 1 'ff 1 u 'lf fl -:i 
q 

Distances 1~tif1fl'Wfl11!flifl'W~ 'O~~fl-:im1'il'ffflU'fft11'W~'llflsl~'lJ Energize ~ 

fl~V11-:i~l'W'U'W 'llflsl 1 i.lrnm 1J11itl~tt!flil~fl~ ~-:iiil~ 4.8 '117flU~fl~ 1 ttfl~fl~ 

~il Energize !~fl!il~fl11'\'llsll'Wilfl!\olfl{ 

• Stop Now! 
I I j/ I 

rlrnf uttt1~m1'1'11-:i1u'llfl-:iUfl'W!flilflu'Vi-n-:i 3 Ufl'W-n'W'Vi H/1 umw'Q fl!Q'W'n q q 

,,_\ \I) I \I) 3/ 
!mflsl t'lJ'ffl'lJ1Hlfl1'Ufl'lJ t~ 

q 

• Clear 
" 1'M~'Url7'.i~tl~'l'l7-:i1'W'lfflsl Distances -n-:ittiJ~ 
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'V11-:i~1'W1J'W 'IJV-:i 1,J,rnnrn ~Ut11Jii 1A'-:i tl11-1 i'rntl(pltl(plm'.ivi1-:i1'W '\Jv-:iirni~rn{ U't'l~!WlJ 

r11A'-:itlrn11Jvi1-:i1'Wfl1Ji1lfl1'VH~ll!~llfiv ~ll Take Picture U't'l~~ll Live ~-:ii,J~ 4.9 ~ll Take 

Picture ~'\1U1~m1J'el'Wfl1J~ll Take Picture ~v~i'WU~lJ Image Controls i-:i~nci11mmr1 

'°' I GJ 91 I ,/i 91"} 91 "" ,/i I 11} 91'1' 11} I 91 91 I ,;:j 
!'YHMU~f11'.i i'lf-:il'W'O~'ff~(pl1f1f111 !'W'el-:i'07f1rj i'lf'fflll1Hlfl't'lf1!'V'l'eltllf.Jfll'V'I i(pl i\PW ill~'e:J-:i!'lll~U'VllJ 

0 ., .'I • "l 919 I ,,l "'"' "i ,,l "l 91 ,,l d Image Controls 'ffl'l-1'.ilJl,!ll Live i'lf i'Wf11'.iU'ff(pl-:ifll'V'l~'el!'W'el-:iU1J1J1(pl iv !'V'l'e:J i'lf~f11'.i!fl't'l'el'W'Vl 

dt di <!I 11}91• 91 91 ., 91 <!I 91 o.•. 

'IJV-:iun'W!fl't'l'el'W 'Vl'Vl-:i 3 un'W U't'l~'ff1mrnrnvn i(pl17~v-:i m'.i fll'V'l 'il1nn't'lv-:i~10J11f.J'\1'.i mrnv-:i~1'\J11 

., • Id "i "" .'I .'I • 
(pl-:ii1J'Vl 4.10 i(plf.l!'t'\'e:Jf1'01f11,!ll Left Ui'l~l,!ll Right 

"' 
'W 'e)f1'i)lf1'W 1th Uf)';ilJ StereoCMM e'r-:imm'.i tlU 'ff(pl-:i N't'lf11';i1(pl'Wfl(pl 1 'W ~ f)'lcJ ill~ 3 m, 

dt "l 91 ., 0 11} 91 ,% "i 91') 91 ,,l di 
!'V'l'el i'l1f11'.i~'.i1'0'ff'e:J1JN't'lf11'.i1(pl'Vl1 i(pl'ff~(pl1f1lllf1'\J'W i(plf.Jrj i'lf'ffllll'.itl'\1].J'Wfll'V'I !'t'l'e:J'Wfll'V'I '.i1lltl-:i 

1 91 11} 91'1' '] 91 o'., 9 .Id 
'llf.l1f.ll-Jllllv-:i'llv-:im:ill'll'el¾!'t'l~(pl i(pl i(plf.lf11'.i i'lf!lll'ff (pl-:iU'ff(pl-:i i'Wl1J'Vl 4.11 U't'l~ 4.12 
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I 

) - ( 
I • 

' 

~ ' 
V o ~ V A Q.I AA 

4.4 6\.l'W~el'Wf1l'J'Yll--'ll'Wllel--'ltrl'ael--'l1vl'l''HWI 3 ii~ 

j/ • I I. I · 

1'Wf11'.i1~i'W~l'W \9leJ'Wt~'JJf11'.i'\ill~l'W'lleJ~tt)~el~1~'YM'~ 3 ii&l 'il~~el~'\illfll'.it'rl~el'WUfl'W z 
j/ I I V 

dl liJ.I dl o 1 91 ,!I dl o I cl\ij91o cl 91 lij91 o,,!l 

'll'W rn'il'W tl~\9lltt'l1'W~~ ~~~ U'11t'1el'W 'M'JJl'il'W tl~\9lltttt'W ~'Yl L~'Yllfll'.i ~el1H'Ylf.J1J fl'1el~ n 'illfl'W'W M 

9) J d .A QJ ~ 9) I O I d QI d 
hun'W t 'rl'1 eJ'W 'YlUfl'W X tm~ Y t'V'leJ'il ~'lf'W ~l'W hrn~1 'W\917U tt 'W~'Ylmm~~'JJ fl1Jfll'.i'JJeJ~ ttt'W 'lleJ~ 

9J .:!llfl'Jlo ,~ d 9J do 0.1'1 9J Ji .d 
mm~ CCD t'JJeJ i~\917Utt'W~'lf'W~l'W'Yltttm~~'JJu"'1 'il~trnmm'.i1~ 1~1:.1hur1'Wt'rl"'eJ'W'YlUfl'W X 

t'W ti~ tt fl'W t~ f.J1 1 'W fll '.i t~el 'W ';j ~ 'W 71J tt ~ ~ t"' ttJ1eJ n '.U rr~ ~ltt '11 il ~ ~ 1~ '1 ~~el~ fll'.i 1~ '\illfll '.i t~1J 
,, ' 

'LI'W 'Vi nm'V'I u ll TW 1m'V'I m ci 1,! 'W 'JJl'.U'.i ~ 'JJ1mm t'WeJtt1'W' n~m'JJtt i nm '.i'll eJ~ '.i ~1J1Jfft\9leJ1i eJ~eJ t '.U 

UN'WH~f11'.i'\ill~l'W'llel~t'rl~el~U~~~ H1'Wi 11~ 4.13 
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., ' ., .:I 

'\J'W\9lffW'Vl 1 

Take&SavePicture 

,___> 

D., ' 
'U'W\9l'eJ'W'Vl 4 Move 

., . .n 
'll'W\91B'W'n 2 FindCenter9 

., ' 
'U'W\910'W'Vl 3 FindPosition 

' ., ' 
':iU'VJ 4.13 'U'W\9l'eJ'Wf17':i~l"ll'W'\J0-!l!rl!0-:J11'lvirll'l 
" 

I )/ ,·· . I 

111-n 4.14 ~-:i 4.16 ur11'l-:i'U'W\9l'eJ'Wfll1'Vl1-:i1'W'll0-:i 1 u1umll 'l'Wri1'W~1-:i'1 11'lv'l 'Wiu-n 4.14 

o 1' ,..Id t o , .J 
l!rl'\91-!lfll':i'Vll-!ll'W hw11lJ'\J'e)-:J iurnnrn l1J'Vl 4.15 !lrl'l'l-!1'\J'W\910'Wf)l'j'l11\9llll'\1'W-!l~\91f)-:Jfft'll-!l'\J'e)-:J 

' ., 
l~'Wl't'l!CJrn{ !!'1~1iJvi 4.16 !!rl'\91-!l'U'W\910'Wf11':i~l'W1ill~l'Wfl\91 

" 



,A '\-'"' ' • lrHHJ'Wllf1'1-l z uu-.1m11'\1'1-l-:i'l!-:itrY1 
Li (I.IQ '.d ,:,:I \ilv 

ll't'ltlrHJ'l-l MlJltJ-.l\illll'\1'1-l-.l'YHl'U1Jl'YltJ1J 1 

• y 

51Jfll'llfl\j't'l\ilW1 

• ' y 

~711'\11-Ml1l.J\il'l-l 

., ,. 
1J '1-l 'YI f) f) Wllll f) 

f)'t'lfl~ CCD 

V .,¼ V ,1 

fl 'l-l'\17 ~YI f),:jf)'t'I 7~'\Jfl,:j I rl''l-l lal'llfl1 

'\17r17YI f1 YI 

un'l-l x 1r1~u'l-l'lui'fo 

i11111~~()Y1 '\ U 

1)1J 

_1d t o 1,1 
l1JVl 4.14 '\J'W\,)'e)'\.Jf17'jVJ1~1'W'\Jtl~ tlJ'jL!f)'jlJ 

40 
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' " 
15:!J91'W 

I I )I )I 

15 lJ'U 1J ~ ~15 lJvl'W '1Jtl--1 I "1''W 

'il1J 

_,,,; t o I di 9) ,I 

·rn '\fl 4 .15 'lJ 'W \91 e 'W m rn 1 mu '11 'W -:i m f1 m-:i 'lJ e-:i n1'w m 11m 1 
"' 
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illl'\1'1-M'\JtM ,, 
' ,, 

1m;irnnN 

,, 
'ilU 

,, 
~~'\J tl.:'I fll'Vl 'Yll.:'ICJfl ti 

., ,. 
'illc.lfll'Vl'\Jtl.:'J'j .:'lr/MU'W ,, ,, 

'j~'\.J11Jfll'Vl'Yll-!l'\J11'il~,~!rl'W epipolar line 

,, 
fl 'Wm i 1 mrn -!I'll v .:i ,, , ,, 

!'1'Wl"1!CJ/0'j9)ll.JU'W11rl'W t;:pipo!ar line 

'il!.:i 

fll'W1tl! mvin~ 

'ilU 

' ,, 
1 iJ'Vi 4.16 'U'W 1.r0'Wt11'Jm~1vhi~ 

"i' ~ o ., d 1iJ 'Ji ., ./ ?I 1iJ •• I ./ "' 'Ji ~ o 'Ji 
i~mlJt:i'Vl7fll'J1~1iY'J'il'i1~ t~ffcH'l'V'l'IHu'W rn~'M'W~'llt:ifl17:i.J 'WllJ'tYfl~ .ASCII l'Ylt:i'Wll'lll 

q 

"i' • I 1/J ')I • I 1/J •• I ,/ o, ,/ ?I o, o, ,. "' 0 I di ?I 
rnrnm:i.J CATIA t~ 'Jull'l.J'l.J'llt:isl tn~N~~Yl'li'il;:;Lu'W\911rn'll 3 \911 :IJ'il~'Vlf!''Wc.1:IJ 6 \91111'1-1'1-Jsl OJfsl!u'W ., q 



0.000000,159.420455,40. 792525 j.;. 
0,000000,156, 530683,40,648492 , 
0,000000,140,100203,35,451514 I 

0.000000,138.662473,35.292816 
0.000000,137.249404,35.143987 
0.000000,134.318634,35. 539936 
0.000000,127.325662,35.486098 
0.000000,114.288805,39.034337 
0.000000,110.131571,41.180785 
0.000000,99.037418,46.277190 
0.000000,97.473689,47.294956 
0.000000,85. 599218, 55.964364 
0.000000,84.111171,56.943459 
0.000000,75.176560,58.414649 
0.000000,65.418990,53.762098 
0.000000,55.895967,46.989032 
0.000000,42. 714315,43.849665 
0.000000,39.787275,42.910671 
0.000000,29.511715,35.687162 
0.000000,15.773107,35.416128 
0.000000,15.046525,35.403823 
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_1d 1JJ ✓ 91 d1JJ 91 ., ~ J ~ di o 1JJ_I ::>I q 
jlJ'YJ 4.18 Ub1'\91-:J t'W"'lHllHl'Yl t\91'illf)fllj1'fl'M'IH1'Wi"l'WN1'YlHf1mJ UJ0'W1 trnlJ\91 l'W 
"' "' 

iiJjumii CATIA 1'fltJiJ'il'fl~i~'illf1f11';i1\91~7'W1'W 109,561 'il\91 
q q 

I 
I Ii] :;_tart r EJ• i;lt Y,eNI [nsert loots ~ tjelp 

1:
1/~'J:; ~IP<:ta:t ·· ...... ... iL!,;: & ~ J ~;~· 

I 

I 
r 

I 
r 



' tj 

'U'Yl'Yl 5 

' tj <!t V "'V 

fll 'HHl 'U! TI £J 'U! rl 'H) s'.l 1 vi~ fl vi 

! <lt1-:i 'ill m fl tt1-:i 1~yh)' ~ 3 iJ~Vl f) 'lf'U ~!fl 'I-Hf! t tl-:J :i'.1 tl1~ 'lf'U~ '11 <l-:i ; ,:i ~ 1! fl 'j,J ~ tl-:J ~ m 'j • 
' ,, V I 

irt1rnvi vu (Calibration) 1 lf ~W.lll-J\) n~ t1-:im nvi~~ n t1lJ f1l'j 1.ff-:i1rnfllJt1 l'l-:J'W!'Wt1r1~ ~lW.lll-J 
I V I ,, I ' 

~~vrn1~vitll'il!fl~~'j,J 'il1M11!fl! tl-:J1~'W n~rn-:i 'j,J tlf)'illf)U ~ti f) 'j rui~ vi1 .ff1 lJ!fl ! tl-:J1~'W f1~ 'il~tllffV 

f)l'jflt1rnvivrn~t1'11 lfl'lll-Jffl-J~lJ1} 'j~'l111-:J~ 1~ 1${'illf)f)l'j 1~tltl~l'Wtl ~ 3 iJ~'Utl-:J1\91Q !~ti~ 'il~ 

ir1m'Jt1'W1~1~1~ 1$J utlMiflmi'm.ir1vln~ 1${mh-:i\)f1~t1-:i 

' ,, ' 
m'J irt1rnvivrnfi!t1-:i1~vln~ 1 u-:i1u 1i vi1 iflu m'J flt1rnvivun~t1-:ivi1 .ff1 u m'J ciwm-w1191 Q 

1~mflum'J'l17fl171-Jff1-J~lJfi'J~'l111-:i~~'Ut1-:im-w (Pixel) nu~1uml-:i'Ut1-:J11'1Q'il5-:i1u 3 D~ i~t1'W1 
,, ,, 

fi111-Jir1-J~lJ £~-:in~ 11m 1.ff1 u m'J flllJ 1ru m~ 1vlt1~'U t1-:i iu-:i1u ~ti 1 ti 1 u tJVl'W 'il ~n-ci11~-:i11i m'J 
,, ' ' 

ur1~'1JlJ\olt1lJ 1 u m'J flt1rnvivum!t1-:i1~'Wt7~ 'J11-J()-:Jf11'J'l11~7fl171-JUiJlJ~l (Accuracy) 'Ut1-:J!fi1t1-:i 

5. 2 m ·rn fl nu 'LI 'LI~ u-:i 1 u ffi 'tll um ·Hrn rn n ti 'LI 

~ ... Id J, d , 'JJ QJ ~ d 
'W'ill'Jt\!l'Ju'Yl 5.1 9MUfl~-:Jfll'WVltllV'illf1f1rltl-:J CCD Url~rlf1'J,ltl!~'Ut1-:Jf11'J!f1~fll'W 'il~!'nlJ ., 
I ,, ,, V ' 

11 m-wviifi~~'j,JtJ'j,Jf)~tl-:J CCD !fl~'illf)f)l'j(,l~tllJ'Ut1-:J'j~'l,JltJ!!fl-:J!rl!!l}ftl{t1tJ'WlJ~1ilJ-:JllJ 1~vvi 
~aJ A QJ OJ clo.J ,el I ~ ~QJ 

'Wf1~Vll-:JUf1lJ X 'Utl-:Jfll'Wl-Jf1111-Jfll-J'WlJ1if11Jfl11l-Jfl-:J'l1'J'el'fllVll-:JUf1lJ Z 'Utl-:J'lflJ-:JllJ Url~'Wf1~Vll-:J ., 
d QJ QJ r/QJ I ~ 

Uf1lJ Y 'Ut1-:Jfll'l'Wfl'll'.1Jfl'.IJ'WlJ1if)1Jfl1Vll-:JUf)lJ Y 'Utl-:J'lflJ-:JllJ 

,, ,, 
~-:J'WlJ'illf1fll'WcilV'Utl-:Jf1~tl-:J CCD 'il~l${~1~tl~Vll-:JUf1lJ Y !!rl~Uf)lJ Z 'Ut1-:JilJ-:JllJ 

rvhiru ri1u~1vln~m-:iunu X 'il~l~~1~A'-:i11f1-Jt1!1'1t1{v11-:iunu X ifiit1u~miflu~1vln~'llt1-:i 
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.d QI A fj} 

-:i1l'Vl 5.1 "1fl'!:ltU~fl1WWlfl7VflJ'UfH'ltl-:J CCD 
"' 

,d o fj} I QI ~ .dq 9,) d t j} .cl I ~ 
,nm1l'Vl 5.1 m'hrnnu11 "1fl'!:ltU~'Ut1-:J'lf'U-:Jl'U'Vl t'lffft11H'Vlt11J'U'U'il~\9lt1-:Jlffnr111lHl'-:J'11'.it1 

"' "' 
I 9) ,!! I d QI "'111)9' ,1 0 QI 

fll'Vll-:JUfl'U Z U'1~fl11lJfl11-:J'l1'.itl'fll'V11-:Jttfl'U Y 'Vl'Vl'.i11J'lf\Plt'il'U 'il-:J t\Pltl'flflU1J1J'lf'U-:Jl'U'1'1'11'.i1J 

ff'fl1Hvit11Jij'1fl'!:JtU~\Pl-:Jl1l~ 5.2 !\Pltlij'1fl'!:JtU~t~mf'Uu'U1\Pl (steps) ~ijfl11lJ~,:j U'1~fl11lJfl11-:i'l'U 
31 

1 QI ' QI 

U\91'1~'1J'Ut'Vllfl'U 

. 
q ~ QJ oC::\QJ 

5 .3 fll ':i'iHl'l.H 'Yltl'l.Hfl 'HWJYl'VOWI 

.cl ~ a1 AQJ G) AQ.J ef ?1 A 9' d 9'G) , dt 
flWff'fl1Jl'Vl tl1Jlfl';itl-:J1\Pll'l fl\Pl t 'U-:J l'U 1'0 tl'U tu 'U fll'.i '1'tl1H 'Vl tl1J fl'1 'fl-:J 'Vl 'l 'lf t 'U fll '.i tl1 tlflll'l t l'l fl 

111~1l'l1-:i1iltl9l'flf 'IJ'fl-:ini\'t1-:i~-:i~ncl11 'l 'W1J'Vl~ 3 'l 'Ufll'.iff'fl1H'nt11J'il~l-:ii'W-:i1'W~Hhrnrnvit11J1J'U 

1~~11-:ii'U-:Jl'U 'Ut1-:Jtr11t1-:i1\Pl~O\Pl~-:Jl'LI ~ 5 .3 mi'1vi1mHht1ml'l 'il~ 1~flll'l'Utl-:Jt ff'Wtm01rnf ~-:i 

'l .Id o dll) 9) "' o'o , .Ji 9) ,I ,,I 
u '1'\Pl-:i 'W '.i u 'Vl 5 .4 mml'l'Vl t\Plm1tm 1~ 'Yi \9l 1u '11 'U-:J'IJ'fl-:J 'il \Pl n-:i nm-:i'IJ'fl-:Jt '1''U m tQJf'fl '.i t'W 'fl'117 'il \Pl it it'll t1-:i 

qJ q q q 

j} j/ t I sJ f 

'U'UU'U 11Pl 'l'WU\91"1~'U'U trn~t i1t1-:i 'illfl'Vl 171J'IJ'U71Plviutl 'U t1'U 'Ut1-:i;'U-:i1'U v\Hf '1't1rnvi t11J 'il~ 1~~1~n\Pl 
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'U0-:i,w1~\?l'J-:if1'W1~'1111-:i\?11uttil-:i'h-1m'W niJ\?11lmil-:i'll0-:i1\?lt1l'W 3 m, ~-:iuir~-:il'W\91111-:i~ 5.1 u~~ 
q q 

Ji?I 9' Q./9) o<lJ Jo aJd A~ 

5.2 CJ.f-:JllJ'W '\J0-:Jfl~0-:J\911CJ.f7tlll~~'\J11\917lJm~iJ llJ0'Yllfl711~'Yl1~tl~ 100 lJ~~llJ\911 'illfl~~iJ'W"!~ 

'\J0-:Jllfl'W Z 

d dlfl 'J} e:1 9.J QI Y 
\91717-:J'YI 5.1 r--l~'YI L~'illflfl11i1'0iJl'YltliJfl~0-:J\911CJ.fltl 

,d I I 
,, 

0 0 0 "" \917ll'\1'W-:J'YI \917ll'\1'W-:J'\J0-:Jf17'W \?llll '\1 'W-:J'\J0-:J'lf'W-:J 7 'W 

X y X y z 
1 413.5 91.5 150.0 24.0 0.0 
2 447.0 124.0 135.0 48.0 0.0 
3 486.0 162.0 120.0 72.0 0.0 
4 530.0 205.5 105.0 96.0 0.0 
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5 581.0 255.0 90.0 120.0 0.0 
6 578.0 361.0 60.0 120.0 0.0 
7 526.0 404.5 45.0 96.0 0.0 
8 480.5 439.5 30.0 72.0 0.0 
9 440.5 470.0 15.0 48.0 0.0 
10 405.5 496.0 0.0 24.0 0.0 

d dl!J 9' A 9' ., 
\oll';il-:j'\fl 5.2 rl"1'Vl t~'il7f1f11';ii'l''eJ1H'Vltl1Jf1mN\9'l1'U17 

' ~ 

I I 0 I -=! 0 0 A 

\9l1U'l1l-M'Vl \9l1U '11'W-:j'lJ'eJ-:jf11Vl \9l1U'l1'W-:i'UV-:i'lf'W-:i7'W 

X y X y z 

1 390.0 86.0 150.0 24.0 0.0 
2 357.0 119.0 135.0 48.0 0.0 
3 319.0 156.5 120.0 72.0 0.0 
4 276.0 200.0 105.0 96.0 0.0 
5 226.0 250.0 90.0 120.0 0.0 
6 228.0 357.0 60.0 120.0 0.0 
7 278.0 401.0 45.0 96.0 0.0 
8 321.0 437.0 30.0 72.0 0.0 
9 359.0 468.5 15.0 48.0 0.0 
10 392.0 496.5 0.0 24.0 0.0 

<!l O I Gj d \!J • I O A 9) 9J AA A di Gj 
!lJ'el'Wl'fll t'W\oll';il-:j'Vl 5.1 trng; 5.2 t1J'Vllf11';ii'l''el1H'Vltl1Jf1"1'el-:j ~1VTJif17';ii'l''eJ1JL'Vltl1J CJf-:j t'W 

31 ' 

-:i 7'W1'0V'wi 'j$1fi f)l';j'\J'e)-:j Tsai [3] 'i)g;, ?l~7Vll';i llJL\ol'elf ~1-:iG'J 'U'el-:jf)ii'V-:iU~"1g;I>) 1~-:iu i'l'~-:i 1 'W \9ll';i1-:j'n 

5.3 trng; 5.4 

d ' ~ cldll] 9J d 9J Q) 9) 
\oll';il-:j'Vl 5.3 'fll'Vll';ill.H\ol'el';i'Vl t~'il1f1f11';ii'l''el1H'Vltl1Jf1"1'eJ-:j\9l1CJflV 

A o' I di 9J .ct 
Vll';ill.H\ol'eJ';i 'fll'Vl ~ 'il1f1f11';ii'l''el1H'VW1J 

f 7.948680 
kappal 6.681259e-003 

sx 1.000000 
Cx 383.500000 
cy 287.500000 

rx -61.233492 

rY 1.333306 

rz -88.961996 

TX -3.182106 

TY 77.315314 

Tz 370.958688 
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d I A d'dltJ 'J) A ')) Q.I 

\911'J7~'Yl 5.4 fll'W7'J7iH\9ltl'J'Yl t\9Hllf)f17'J~tl'rn'Ylf.J1JfHHM\911'\J11 

"" ,I ~1~ i~'il1nm1~tirnviv1J 'W7'J1iH\9ltl'J 

f 8.160111 
kappal 4.897 426e-003 

sx 1.000000 
ex 383.500000 .. 

cy 287.500000 

r_y -119.235910 

rY 1.550535 

rz -90.286880 

r:y 14.900035 

TY 76.386798 

Tz 377.380164 

I 

' ' 0 ~ Q.,,/ ~Q.J 5.4 fll'l'Vllrllrl11iJUiJ'I-U.11 (Accuracy) 'lle>~Afl'lij•.:11vl'VHlvl 

~ 7 fl 17 il uil 'iHJ7 (Accuracy) 'll ti~ t fl f0 ~ 1\91 vi fl\91 t ~ irn1 'J tl 1~ tii 'U fl 11 ii ~7 m Hl 'lJ ti~ 
' ,, I 

!fl1tl~1\Pl'Wfl\Pl 1 'Uti~fltl!fll'W 1 'U ~1'U1ivi1 i~vhm'J\9l'J1'il~tl1Jrl17i!Uil'UV7'\Jtl~!fl1tl~ t\Plf.J'V17f)l'J 1\91 
q 

~ .dcl 3) 0 fAQJd\.1)9' 'j) I 'J) 'J) l .. f 
"M'U~7'U 'YltU'U 1 ~'U71J mn'W7rll'Wf1\Pl'Yl i \Plm~11~1~'U11J'il7f1fH'lil'lltiit-a'il\Pl\911tl rurnmii CATIA 

q "' q 

\Pl~itl~ 5.5 

,, I ' 

'il7ffW 'U~~'Vl1m1 itl~ vrn viv1J 1 ~ v~i11~ 1~tt 11~1911u tt ,J ~~ 1~~ 'llti~'Wfl\Pl'n i~ n 1J 1 ~ 'U 11J vi 

'J) ~ Q.I .... Id I ~ ' A d d A A I d 
~11~'\J'U \Pl~lu'Yl 5.6 'W1J11itmfl17itN\Pl'Wm\Plt'iHW'Yl 0.2087 iimHit\911 tm~mt1Jf.J~t1J'U"1\9l'JJ7'U 
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' ' ' ~ A ~ o A ..:!{ QI AQJ A A C). o I 

0.1381 l-HHUiJm !iltl'Vllfll':ii'l'tl'lH'YltJ'lH'iYHM1\Pl'Vlfl\Pl'Vl':i~tJ~ 100 mnHiJ~':i'illfl~lU'Yl'I-M'IJ'W 1i\Pl'Utl~ 

Ufl'W Z ~~ff1"1':itli'l'1'Ut~11~1~n1iiu"'Wih (Accuracy) 'Uti~tfl~tl~tl~~'U':i~mru 0.35 ii'1iltiJ~':i 

11!v 350 tilfl':iti'W 

'At.hrn1mn,11u.n · 
il ... ~-~ ... 

' ' ,, 
'illflfl1':i'Vl\Pli'l'tl'IJU'1~fll'j H1

~l'I-Jtflj tl~1\Pl'W fl\Pl 'Vl'IJ11f111iJU"'W Vl'Utl~!fljt)~~'W t)~f1'1J11'il 'ij tJ 
... I .J 9 ~ QJ d O QI ~ I O A ctdq 9' 9' d 

'YI '1W1J ':i ~ fll':i 'YI 'W ~ ! 'W 1J 'il 'il tl'Yl fflflqjfl tl fl Wfll'Vl 'U tl ~ U 'YI '1 ~ fl1 t 'W \Pl!! i1' ~ !'1 !CJftl ':i'Vl ! 'lf 'YI 1 fl~ tl~ fll ':it 'Vl iJ 

f117iJU"'WV71 'Wfl1':i1\Pl'Wfl\Plf11':i1 ~Utl'l.Hti'l' ~!'1tCJfti{ (line laser) ~ijf117il'IJ7~fl17~1~v~ !~ti 1 tt 
'J/ o I 'J/ o'GJ A 'J/ ,1 di I 'J 'J/ o "" o, 

fll ':i fl'W 'YI 1~ 1 U 'YI 'W ~ 'U tl ~ t i'l''Wt '1 ! CJf tl':i ! 'W fll'Vl iJ fl 11il \)fl~ tl ~ iJ1 fl'U 'W CJf ~ 'il ~i'l' ~ rl'1 ! 'YI fll ':i fll'W 1W 'Vl fl\Pl 3 
,, 

"""""' 'JI ,,Q 'JI iJ~iJfl'Jliltlfl~tl~illfl'U'W\Pl'JtJ 
" 



I 
,cl 

'U'Yl'YI 6 

fll "j 'YI vrn eM 

6.1 rll'Wl 

1 'W 'IJ 'Vl ilttl'W m·n1~nrn-:i 1rltJ-:i1\o'lvM'\o'I 1 ~ fl 'Vl \o1 ff fl'IJ fl 11ii m ii THI 'II fl-!! 1 fl 1 fl-!! 11:1-nt'-:i tt 1 ~ -:i~ 

" " d " 
iiNi1~m1111\o'I 1\o'lfl'Vl\o'li'lfl-!11\o'l'W'WNT~,f1'hlw~~1-:i"J t'lf'W -W'WN1'Vliifl11iii'Wff-:i iim1iiir'W111 -w'Wr'.11 

"' 
' ' ' d A QI .:J! o Q/ d I I 9J d o 9,) I 1 

'Vlii fl17:l-J OJf 'IJ"llfl'W l!i'I ~ 'Vl7 fll'.i 'Vl \ol i'l fl-!11\ol 'Vl '.i ~ fl~ '117-!I '.i ~'1117-!I f1i'l fl-!I U i'I ~'Vl 'il 7'W 1'W ~ \ol'IJ fll_l i'lm-!l"j \ol fl 

I Q d da..,tf 

U'IJ-!lflflf1!1J'W 6 f17'.i'Vl\oli'lfl-!I '.ilfli'l~!Vfl\ol:1-l\ol-!l'W 

Q/d. I f 'J) I Q//4A Ao 

1. 'Vl\oli'lfl-!11\ol'Vl'.i ~ fl~'l17-!l'.i~'l117-!!f1i'lfl-!1~1-!l"J f1'1J'l"l'WN1'Vl'.i-:if1i'!iii'l'\o'l1 

QJ J A c1de::1 Q/ 9,} 0.1 dA Q/ 

2. 'Vl\o'li'lfl-!11\o'l'l"l'W N11mff'Vliifl 11 ii'l1'W 'W fl flf1'1J 'Vl iifl 11ii 'l1'W mn 

" ' 
3. 'Vl\oli'lfl-!11\ol'W'W N1'W'W m1ii~'ll71'¥1 ~7'W1'W ~\olU~f1~1-!ltl'W 

., )f .,. d-=1 ., 91 91 
4. 'Vl\oli'lfl-!11\ol'l"l'W N1'Vliim1ii'J1'W ~-!l'Vl7-!l\ol1'W'IJ7-!1 

" ' 0.1 ~ A r.::li=i Q.J 

5. 'Vl\oli'lfl-!11\o'l'l"l'WN1'Vliim1iiii'W171 

" " 
6. 'Vl\o'li1fl-:i1\o'I-W'WN1 'l 'Uttti1fl'W~~1 i\olfl 1 ~t'Vlfl'Wflm1v'h~\o1~1-:i5-:i'IJ'Wi'W-:i1'W 

1 'W f17'.i'Vl \ol" fl-!!~ 1 ttl'W fll '.i'Vl \ol "fl-!! fl 'IJ l'W N1~ ! ~'W 'VlH f1i'I ii~~ 71 \ol fl,11 f17 '.i 1\ol'Vi fl\ol ~ 
'.i~fl~i11-!l'.i~'l117-!lf1~fl-!1~7-!l"jtl'W ~fl~ 300,350 l!i'I~ 400 lJi'l~tii~'.i f17'.i'Vl\oli'lfl-!I~ 2 ttl'Wf17'.i'Vl\oli'lfl-!I 

sJ I 9J I I 

1111 fl'IJ 1'V1fl'IJn111 \ol -w'W r'.l 1"¥1 ii fl 11 iii'W tr fl fl n 'IJ -w'W r'.11 'V1 ii fl 11 ii i'W ii 1 n ri 1'W 'l 'W n 11 'Vl \ol i'I fl-:i 'V1 3 

" ' ' 
'Vl\oli'lfl-!11\o'li'W-!!7'W "¥1iir111iii'IJ~fl'W ! \ol flt ~~7'W 1'W ~\ol t 'Wfl7'.i1\olU~fl~7-!! fl'W fll'.i 'Vl\oli'I fl-!!'Vi 4 ttl'W fll'.i 

!iJ I I !l) I 

1\o'l-w'W r'.11"¥1 iifl11iii'W ~ -:im-:i~1'W ~1-:i m1'Vl\o'li1 fl-:i '¥1 s 'Vl\o'li1fl-:i1\o'l-w'W N1'1;! 1 'Vl'.i Y1'1"l~'V1iir111iiir'W 111 

9,} d Q.I J A GI 'J) A O dA Q.I ')°' G) 'J) A O 9,} A 

u "~ ff \o'l 'Vl 7 m ti 'W m1 'V1 \o1" fl-!11\o'l'l"l 'W v-11 t 'Utt 'W 7fl 'W ff \o'l 7'V1:l-lfl 11ii'J1'W ff-:i i \o1 fl i 'l1 rnr1 'W fl m 1 'Vll 'il \o1 m-:i fl-!! 
q "' q 

'J} I j} I !j} I 

'IJ'Wi'W-!!7'W !'WfliYliJ7'.itlr17f17'.i1\ol'l1"7flflf -:i uii'1u1~\o'lvi i~'l 'WU~i'l~flf-!!iJTYl7f17'.i l'lfflil ifl-!!fl'W 

" ' ' 
'W'WN1vi'l~1'Wfl7'.i'V1\o'li'lfl-!I Hi'l'\o'l-:i'l'Willvi 6.l(a)-6.l(g) 

(a) -W'WN1'Vl1-:ini1ii~~1 (b) 'W'WNTW'Wm7ii~'ll71 



J:!l A ctdJ::1 QJ 'J} 

( c) vrwr,r.rnJ7ff'VllJf117lJ'lf'W'W 'Elti 

d 
6.2 fll'j'Yl~HH>..:i'YI 1 

A o'dA QJ 

( d) 'W'WN1t"1ff'VllJf111lJ'lf'WlJ1f1 

' ,, 
OJ e::l I I 9) 1 OJ ~ A e::lo 

mn:rn-:i 1\Pl'Vl'i~ t1~'111-:i 1 ~ '1n1-:imrn-:i~n~ G'J n'U'W'W m'Vl 1 -:in"'1lJ ff \Pl 1 

.., • I o' 
1~tl1J'i~ff-:Jfl 

51 

' ,, ' 
ivh1'Vl\Plff'EIU111~t1~111-:i1~'1111-:inir'El-:ir1-:i 2 ~1ih·rn~'El~1~nlPlvi1\Pl 1~'11!'EI 1" 'W'Elf1'il1ntlf'u 

I 'J/ QJ 'J/ • ( QJ 'J/ 'J/ di '} 'J/1/j 'J/ 'J/ ,/ d O 

'j~ tl~'111-:J U"'11tl-:J~'tl-:J1J 'i 'Ul.JlJf1'1'tl-:J\Pl1tl t 'W'tl t '11 t IPll.J "" 'tl-:J'IJ'tl-:J U 'W 1! iY'W!{l!O)f't)'j 'Vil mn~ fflJ 'Vllfll 'i 
d_ I A A 'J) I A A 'J) 

'Vl\Pl{l'tl,,:j'VJ'i~tl~'l11-:J 300 lJ'1'1llJ~'i l.JlJf1'1'tl-:J 20 'el-:Jrl'l, 'i~tl~'l11-:J 350 lJ'1'1llJ~'i l.JlJf1'1'tl-:J 30 'el-:Jrl'l 

1 A A 'J} QJ -'d 1" O QJ d 
irn~1~t1~'111-:i 400 lJ"'1"'1tlJ~1 l.JlJf1"'1'El-:J 40 'El-:Jrl'l IPl-:Jl1J'Vl 6.3, 6.4 m1~ 6.5 i\Plt1'Vl1m11\Pl'Vl 100 

A A ~ dq 'J} QJ QI d 
1J{l{l!lJ~'i'illf1'il\Pl'U'Wff\Pl'IJ'tl-:JUf1'W Z "l1'W-:Jl'W'Vl t'lf1'Wfl111\PlUff\Pl-:J\Pl-:J'i'U'Vl 6.2 . . " 
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_1d d , 91 ~ ~ 9' 
'j1J'V] 6.3 fll'j'V]\91"''e)-:j'V]'j~tl~'\11-:JfHHM 300 irnm:IJ~'j :IJ:Ufl"''e)-:j 20 tl-:Jfl'l 
~ q 

_1d d , 91 ~ ~ 9J 
'j1J'VJ 6.4 fll'j'VJl'l"'t1-:i'Vl'j~t1~m-:imrn-:i 350 ""'"'t:IJ~'j :u:un"'t1-:i 30 t1-:ir11 
~ q 
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,..Id d I ')) A A V 
';i1J'VI 6.5 fll';i'VJ~HHl..:J'VJ';i::;rJ::;m..:imrM 400 lHHHlJ~';i lJlJfft'WM 40 V..:Jfil 
~ q 

Ad j} t Q.I -=i I QJ 1 C) ')) QI d.11} It:! QJ Jt l A I 

mtU'Vlfwrn..:iVJ..:i 2 ~1m::;v::;111..:in'Wmn 'Wl'il::; imH'lfl1';i1\Pl'VI tl-l1>1'Wn t'WV..:J'il7f1Vl'WN1'il::;vv 
~ 

, ')) oGJ91e!\ Al , 1 

'117..:J'illf)fHH)..:JlJlf) 'Vl7 t'\1!f1Hl..:Jl-lfl7 Resolut10n '11Vl1Jf117 

., 
'IJ'W~V'Wf17';i'VJ\Plt'IV..:J 

1. tti1>1tritv..:i11>1vin1>1 Ut'I::; hhuml-lf111JfJl-lf11Hl7..:J7'W StereoCMM (tU\Plf17';if111JfJ'l-l 

'l-lvt~v{11>1vn1>1~'l-l Energize Ut'I::;~" Live t~V~fll';itfliti'W~ 

J. A QJ A QJ '))~ 

2. tflt'IV'WUf1'W Z 'llV..:Jtfl';iV..:J1\Pl'V'lf1\Pl i'l1'U'Wbl'-!lbl'\Pl 
~ q 

' ' .,:!:l Q/o Id AA 

3. tflt'IV'WUf1'W Z t'l-!1"1f.J-!1~7U'l1'W-!l'Yl 100 1.Jt'lt'lt'l-J~';i 

~ l A !30 di A ')) cl 
4. 11-!l'lf'W-!ll'W'V'l'Wf-n'Vl';i-!lf)t'llJr11>17M1J'Wtmv-:i trn::;tflt'IV'WUf)'W X i11tt'W1'llV-!IUTI..:JtrntifV';i 

., 
I <> 

Vijf1t'll-!l'lf'W-!l l'W ., 
5. irffi1'll'W71'1i'W-!!7'Wi'WU'W1Uf1'W X t~'W 110 lJ't'l~t'l-J~';i ~l'W1'Wt~'W 70 t~'W ~7'W1'W~\Pl 

ti1vm~'W High trn::;irl~1m1,J.,:i i1>1t~f1'YlV~~~V-!lfl1';it~1J ivfaYlll\Pl 

6. il\Pllil'W 

7. f1\Pl~'l-l Scan t~vtfm11m';i1\Pl 

8. 'Yl\Plt'lti-:itl1t~1 iil';ittnrn CATIA 
t ' .... IQJ 9J 9 , OJ ... Jd 

9. 'Yl\Plt'IV-!ltifltt~11';i1J';i::;v::;nt'lv-:i i'Hl-1 \Pl-!llJJ'VI 6.4 irn::; 6.5 

Nt'\f17';i'VJ\Plt'IV-!I 

Q/ d\l} ')) I d I I 'J) A A ')) 

'illf1Nt'lf17';i1\Pl'VI t\P1Vl1J17 'Y]';i::;r.J::;'\17-:i';i::;'\111-!lf)t'IV-!I 350 lJ't'lt'ltlJ~';i trn::;'l-JlJf)t'IV-!I 30 V-!lfil 
q 
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'Yl7~Uf1'W Z Ld'e.l~'07f11-J1Hfltl~'U'e.l~f1~'e.l~'WmJ vl11iResolution '11tl7'l.J riTWf11j'J~~j::;t1::;1-11~ 400 
A A 9,1 QJ di_ o 1 QJ I 'J} A 

1-HHH:J.J\9\j :J.j:J.Jf)"'M 40 'e.l~rn r-rnf11j1~'0::;'!1tll'l.J'\fll~Uf1'W Y L'W'e.l~'Olf1\911U'l1'W~~~f)"'11 f)"''e.l~:J.J 
q 

j::;t1::;1-11~'07f11\91Q:J.Jlf1 Lrlml1ivh1~1~mLil~1'W11hunrn CATIA '0::;1~~~itl~ 6.6, 6.7 mi::; 6.8 
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I 
<,I 

6.3 fll':i'Yl~Hlel~'YI 2 

QJ J C\ ddc:1 QJ fj) QJ dc:1 QJ 

'Vl ~Hl tM1~'W'W N1t'JJ1ii'Vl'JJfl 11'JJ'lf'W 'W 0clfl1J 'Vl 'JJ fl 17'JJ'lf'W 'JJlfl 

I I V I ' 

vinfl17'JJ<J1'W~1~fl'W 'i1'JJ~~irm1ru~,rn~fiti~vii~ i'W ~1'Wvi1 ~1 'Wfll'i'Vl~~tl~ttii~~~-:ii 'U'n 6.9 

.... Id C\ ttde::1 QJ 9,1 QJ 

lIJ'Vl 6.9 'lf'W ~1'W tmiY'Vl 'JJfl17'JJ 'lf'W 'W 0mm ~fl17'JJ'lf'W m fl 

I V I I 

tfl ! 0 ~ 1~fi ti~ il 7 'il~ i11'JJn t11~ 'W'W ~1-vi ~ fl 11 'JJ ~ fH {fo-:i i ~~ ml11 'il~~ fl 11ii 'lf'W m ntt 10 

9,1 cl 
'W0clfl\9ll'JJ 
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"' 
i'W \91 tl'W f11'j 'VI~~ tl-!I 

1. ttl~m~t1-:i1~-wti~ trn~ hhumllfl11Jl'"Jllfl1Hl7-!17'W StereoCMM (ttl~m1r111Jl:]lJ 

lJtJL\9\tif1~rif1~~lJ Energize u~~~lJ Live L~tl~f171Lfltti'W~ 
,el ,A <>I A <>I ') 'J/,% 

2. Lfl~tl'WUf1'W Z 'Utl-!ltmti-!11~'V'lf1~ 1'11'U'WiJ:-!l"l~ 

' ' ~ Clio IA AA 

3. Lfl~tl'WUf1'W Z ~-!llJ7£J-!l\917U'l1'W-!l'Vl 100 lJ~~tlJm 

4. 11-:ii'W-:il'Wtmii'~iir111lJ<M'WUt1t1M1J'WLr1tt1-:i u~·~ir1tt1'WUf1'W x 1ttu'W1'1Jt1-:iu"1'-:i 
,/ I ,1 

rntClft11 ti~f1m-!l'lf'W-!17'W 

"' 
5, 1-d~l'IJ'Wl~i'W-!ll'Wl'WU'W'JUf)'W X L~'W 100 iJ~ilLlJ\911 ~7'W1'WtiV'W 70 tiV'W ~7'W1'W~~ 

L~tim~'W High u~~ 1 ri~1u11tl-:i~llt1-:im1L~1J 1l'Ji-wti~ 

6. tl~i!l'W 

7. f1~~lJ Scan L~t!L~lJ'V17f1W1~ 

8. 'Vl~~t1-:itl1i'li'1 hhumlJ CATIA 
9J I 'j) I 

9. 'Vl~~tJ-!10)$7U~LV~rJ'Wi'W-:i7'WL1J'WLlJli'1'YJiifl17lJ'M'WlJ7f) 

N~f111'Vl~~tl-!I 

QJdtor;1 3JAaJ 0.1 .. td 
N~f1111~LlJti'W7L'U71vrnmlJ CATIA UmlJ~f1'l:lill~~-:ii11'Vl 6.10 U~~ 6.11 

.. rd QJ ~ .a. dA Q,J y 
111'Vl 6.10 N~f1111~'V'l'WN1'VllJf117lJ'lf'W'Wtlrl 
"' 
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V ~ I I 

91'1-J ~ l'W lJi1 f)'l:J U!!::'W'W H1'VllJfl11il\91'elb 'W'eN u-a~, ili'ifl11il c~\J~'el'W iJlf)'W f) 

I 
<,I 

6.4 fll";i'Yl~HWl..:]'YI 3 

,, I 

YI ~'a 'e)~'J~'W'W HTW'W f)'flil~'U11'Vl ~l'W 1'W ~~ bb\91f)\911~ O'W 
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" 'U 'W \91 'el 'W fll j 'Vl ~H'HM 

1 

2 

3 

4 

tilf1t'f1~'el~1f1'VM'f1 w:,~ 11.hunn1'f111J~iimn11~1'W StereoCMM (tilf1mrn11J~il 

il'el!\9l'el{1f1t1f)fl~il Energize U'1~~ii Live !~'elt1f17';it'f1it'el'W~ 

,,\ ,,\ o, Ao, 'l 'J},1 
!'f1'1'el'WUf1'W Z 'IJ'el~!'f1';i'el~1fl'Vif)fl t'\1'1J'W'ff~'fffl 

"' q 

' ' .el. <Vo IA ~~ 

!'f1'1'el'WUf1'W Z '1~illtl~\917U'\1'W-:l'Vl 100 il'1'1!il\9'l';i 

" ' ' A ~ A ,!j ,!j ') 'J/ o' I 

11~'1$'W ~l'WTI'W m7il'ff'IJ71M1J'W!m 'el~ U'1~!'f1 '1'el'WUf1'W X t '11 U 'W 1'lJ'el~U 'ff ~!'1!Clf'e:Jj'e:J ti 
"' 

" 
nm~i'W~l'W 

" 
5 irl~l'IJ'Wlfli'W~l'Wi'Wlt'W1Uf1'W X !~'W 140 iJ'1~!iJ\9'lj ~1'W1'W!~'W 85 !~'W ~1'W1'W~fl 

,!! ?I , ') I O I d 'J/ d llL_I o' A 0, 

!'1'eln!u'W High U'1~ t'ff\911U'l1'W~'Vl\9'l'el~f17j!f11J rn'1'\l'lf1f1 

6 ilmJ1'W 

7 nfl~il Scan t~'elttiivhmj'Jfl 

8 'Vlf1'1'el~'W1!.,Y111.humii CATIA 
" ' ' 

9 'Vlfl'1'el~OJf7U~!'U~tl'W~7'W1'W~f1'Vl1~1~m11J1J Medium tm~ Low 

- Id "' ,!! A 'l ',/ - I"' 
';iu'Vl 6.13 N'1fl7';i1f1'Y'l'Wvn tfltl i'l$urn1tU'ilf1mn 
"' q 
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' ,:I 

6.5 fll':i'fl~tHH'fl 4 

o Q.I ~Q.I J ~ ~:::L::t Q.I 'J/ 'JI J& 9J o 0.1 J 
'Vl1 m 1 'Vl 'fl "1 tJ -:i 1~ vm ~ vrw N 1'Vl 11 ri 1111 'lf 'W "J-!l 'Vl 7-:J 'fl 7 'W 'll 1-:i t 'V'l tJ'Vl wti'm.J 'll tJ 'O 111 ~ 'll tJ-:J t m 'el-!! 

~ ' 

"" d9 !J/9 'l .Id 
'.lf'W-:Jl'W'Vl t'.lf t'Wlll'.i'Vl'fl'1'el-!lm1'\Pl-:i t'W'.i1J'Vl 6.16 

SJ 
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iYlJlJ~!7'Wf17':i'Vl~H'l'el.:J 
I I jl 9J I I 

1 fl !'el.:J1~'W n~rvi~ ~'Wl~'I-J'ell '1 i~il'llJl 'j tl1~'¥1'W N1'Yi ii 't) fl'l:l ru ~ f17'j LU~ tl'W u UMfl17lJ '11'1-! ~ .:J 
\J)~ I o' J "- OJ I o' Iii.I\/) 1"'1 
i~'eltll.:Jil'lJ'U':itU 1'W'el.:J'17fl'IJ'j nru~.:Jfl"71Uil' .:J1'110Jf'el':i'ell'1rl'el.:J'M nJ illtl.:J 

<\J 

" 
'U'W\9l'el'Wf17':i'Vl~i'l'el.:J 

1 1tl~1flf'el.:i1~Yin~ Ui'l~ hhumllfl1'Uf,jllf17':i'Vl7.:J7'W StereoCMM (1il~mrn1'Uf,jlJ 

lJ'el1\9l'el{1~vn~~lJ Energize trn~~ii Live 1~'el~f17':ilfl~'el'W~ 

' ' " 
2 lfl~'el'WUfl'W Z 'lJ'el.:Jlf1r'el.:J1~'WT1~ ltt~'W~.:Jfl~ 

' ' c:f. a.lo Id AA 

3 lfli'l'el'WUfl'W Z i'l.:J1lltJ.:JmU'r'l'W.:J'Vl 100 ili'!i'lllJ\91':i 

~ A ,,A q9' ,I I ~ 
4 17.:J'l5'W.:J7'Wi'l.:J'U'Wlm'el.:J Ui'l~lfli'l'el'WUfl'W X A l1 U 'W1'1l'el.:JUil' .:Jli'!10Jf'el':i'elijfli'll.:J'l5'W.:J7'W 

" 
5 1rl~7'1J'W7~9f'W.:J7'Wi'Wlt'l-!1Ufl'W X l~'W 110 :Wi'liitll\91':i ~7'W1'Wl~'W 85 l~'W ~7'W1'W~~ 

.al ?I , '} I O I d ~ 0 \Jj •• I o' "- OJ 

li'l'elflllJ'W High Ui'l~ iil'mU'r'l'W.:J'Vl\9l'el.:Jfl7'jlfl'IJ rni'l'V'lfl~ 

6 tJ~~l'W 

7 

8 

~i'lfll':i'Vl~i'l'el.:J 

Q/ ,!l O ~ 'i'.I ~ d Q/ Q/ .Id 
~i'lm11~tll'el'Wlt'lll rnrnnrn CATIA Ui'l1lli'lfl'l:ltU~~.:i111'Vl 6.17 
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,.. 'd d I ~ ~ ~ 9' ~ "l !V (1/ dA di ~, 
'07f1l JJ'Yl 6.17 '\)~t'\1'W 17'l.J 'H 1ill 'V'l'W H1~7'W 'l.J'W 'UV-:J'l5'W-:J7'W '\)~ !~ H"' f17'j1~'Yl~ b 'WV-:i 'ulf1!1J'W 

11 "' ,dc, I di "' ''l "' d .?I 31 31 di "' .Id .I 'V'l'W H1'Ylll fl17ll \91 tH 'WM 'U V-:Jf117ll 'l5'W U\91 'W 'lJ 'j nru 'Yl blJ 'W 'U V'l.J 'Yl 7-:J~ l'W 'U 7-:JO}/-:j lJ f17 'j b JJmJ'W U lJ"'-:j 

fl17JJ'15'W i1-:i 'll~'ll~'l'nvi il1J1-:iri1'W ~-:ibn~ '07f1Ui1-:irnbO}IVf riv-:i"'/l 111~~-:i 'Vll 1 tt'1~iim'V'l'llV-:Jb'ff'W 
" q 

. 6.6 fll'i'Ylfftltl'1~ 5 

" ' 
'Yl~"' 0-:i1~'Vl'W N11j 1 'Yl1ft'V'l~'tiiim1m1'W111 

j) I I I jl I 

Y11m1 'Yl~"'v-:i1~¥in~'V!'W N1'tiiim1JJir'W 111 b 'VI V'Yl ~ i1v 'lJ .fl 0 ~ 1 ti~ 'll 0-:i bfl ! 0-:i 1 ~ v;'W-:i 7'W 'Vi 

'l~'l'Wm1'Yl~"'0-:iui1~-:i'l'Wiil~ 6.18 
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" ' ' A A A OJ ~ ')} \q !J)A A~ OJ OJ ~ 

"lf\-Ml'W'l'l'.1Jfl17'.IJ'.IJ'W 171 'Yl'.ifJTil'.IJl'HH'f~'l'ltl'WUTI-!1 t~~t)l'\l'.IJ uqj'YI lfl1JflTn~ L 'W fl-:J '\llflU fl -!I 

cld J A ~ I ')) ')) I 'J) 0 G) 'J)AOJ da.1 ll)j}A A 
rn LCJffJ';j'l'l \91 fftl,!J 1J'W'Vi'W N1'lf'W 'l.Jl-!lfl1'W t)l'\)fl~ '\lltl'WL '\l l~fli'I t)-:J'Vll t 'Yl'Vi fl~'l'l 1~ t \'l'.1Jfl17'.IJ N~'Vim~ 

" 
'U'W ~tl'W fll';j 'l'l~{lt),!) 

1 Ltl~Lfl~tl-!11~-Wfl~ Ui'l~LiJ'.ium'.IJfl1'UfJ'.IJfll'.i'\117-!17'W StereoCMM (Ltl~fll'.ifl1'\Jf,jlJ 

'.1JtlL\91tl11~un~~'.IJ Energize Ui'I~~" Live L~tl~fll'.iLflttl'W~ 

' ' " 
2 Lfl~tl'WUfl'W Z '\ltl-!ILfl!tl-:J1~'Wf1~ tir;'W~-:Jf!~ 

' ' t!l OJo IA Aat. 

3 Lfli'ltl'WUfl'W Z i'l-!llJltJ-:J\917U'Yli--M'\ll 100 '.IJi'li'ILlJ\91'.i 

4 
~ OJ cl e4 J 6}!i/ cl I 

11-:i'lf'W-:Jl'W 'IJ L 'l'l'.if1'Vi'l'lMU'WLfl'.i tl-:J Ui'l~Lfli'ltl'WUfl'W x i 'YI u 'W 1'\ltl-:JU fl-:JrnLCJftl'.itl~flm-:i 

" 
~'W-:Jl'W 

5 
" 

iri~l'll'Wl~~'W-!ll'Wi'WU'W1Ufl'W X L~'W 220 iii'l~L'.IJ\91'.i ~l'W1'WL~'W 90 L~'W ~l'W1'W~~ 

,!I ?I , G\ I O I d 9i d \iJ •• I ,I A o, 

rntlm11'W High U'tl~ i fl\917U 'Yl'W ~'\ll\91tl-:Jfll'.i mu rni'l'Vifl~ 

6 U~lll'W 

7 fl~~lJ Scan L~tlL~'.IJ'\lllfll'.i1~ 

s 'l'l~i'ltl-:itl1L'li'1 hlrnmii CATIA 

N'tlfll'.i'l'l~i'ltl-:] 

"' ,A O 9i 'LI 9i "'"' "' .Id 
Ni'lfll'.i1~LlJ'e:l'WlL'lll rnrnm'.IJ CATIA Ui'11'.IJi'lfl'l:ltU~~,!)i11'1'l 6.19 

d I A I dll) 'J) al A, t d ~ A 9' 
'\llfl'.i'U'l'l 6.19 'Vi1J17lJ1J7-!lfl1'W '\l tl-!I '\l~'l'l t~ '.1Jfl17'.IJ N~'Vim~ 'l'l-:J 'WL'W fJ-:] '\llfllJ fll'.i TI~'l'ltl'W ., . 

o'9i19i ... d 09!11..A !liq, Ad 91 i?I 
Ufl-:]'\llflLi'ILCJft)';iL'\llflfli'ltl-!I ~-!l'.i'U'l'l 6.20 '\Ill t'YILfl'.itl-!IL'lll t'\l171J'.iL1tU'l'lUfl-:ifl~'l'ltl'W"7'W'WLu'W ., ., 
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" ' ' 
~1U'\1'W-:i'lJ'eJ,:j'~'\.J N1viU'Vl'il~-:i ~-:itl1~1\oi-:inci11:1.J1~1'\.J1fil ~1vM'\9l '1'11 l tt~1U'l1'W-:i~ f1\9lvi L~N\?l'YHll\91 

.Id 9' ,/9) I 9' 
l1J'Vl 6.20 f11'H1~'Vl'eJ'WUii' si'il1mmOJf'eJ'H'lJT~mrn-:i 

' "" 6, 7 fll ';ft'lffiUM'YI 6 

" " 
'Vl\9l~'elsl1\91~'\.JN1 l tl'\1,r 1\>l'\.J ir¢11 1\9l cJl ~t'Vl\>l'Wflf11'j'l']l~\?l~l-:ifl-:it1'Wi'W-:i1'\.J 

., • I <I 
1~ fl 1J ':i ~ ii' sl fl 

.,J,,.9 9' ""• J,,. Q) "'' d_,:j1 "'11 99' A 

'Vl\9l~'eJ-:i1\9ll'l'\.JW1 ttl'l1'Wl\>l'Wi1'\911 OJfsl'lJ\>111'lJ'lf'W\1sl U~~'lJb1'1'\.J'Vlt1J'\.J'11i:}'lJ~f1 \?leJ t'lft'Vl\>l'\.J\>l 
jl I 1 j} 

nu 'Vl 7 'il \91 ~Hfl-:i t1'\.J ~'\.J-:i1'\.J t~'B'Vl \9l ii''Btl 11 t 'Vl \>l 'W l'l l'i-:i nci 11 'il ~'M1eJ 1ttN~m11\91 vi~ ~'W '11 ~'eJ tlJ 
q 

" ' ' 
i'I-J-:i1'Wvi1~1 '\.J f11':i'Vl\9l~'eJ-:iUi1'\9lsl\oi-:iitlvi 6.21 

... 1d. A ACI !J} d.o 
l1J'Vl 6.21 'lf'\.Jsl1'\.Jl'l'\.JN1 ttl'l1'\.J1\>l'\.Jb1'\9l1 
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,, ,, ' 
f)l'j l-ilt'Ylfl\Jfl'Ufl-:)f17'j vh '0~ i1~ 0~1J'W i'W ~7'W 'O~'lf1V l ttTI7:IJ71tl1~ ~'W ~1'Viihn11J'M'W TI~ 

q ~ 

lf} 3/A & di O Q.I lJ\ 'J) t A ( d O I ~ fJ} 

i~ ~ 'U 'W t 'W flH7 f1 i11m 1 ti'Yl 1 f1 u 1~ t~ 'lHn vm ~ U'll~ t 1J irn'W \911 u 'VI 'W ~ m n1~ 'U fl~ 'lf'W-!I 7'W l 'VI 

mm~TI1J 111 

,, 
'\J'W \91 fl'W f)l 'j'YJ~'llfl-!I 

1 

2 

3 

6 

7 

1il~tfljfl~1~vin~ trn~ 11.J1um1Jfl1'lJfJ1Jf171'Vh~1'W StereoCMM (til~f1Ufl1'lJfJ1J 

1Jflt\9lfl{1~tif1~~1J Energize trn~~1J Live tvlfl~f171tflifl'I.J~ 
' ' ,, 

mifo'Wtm'W z 'Ufl~tfl1tJ-:i1~vin~ ltt~'W~~~~ 

J Q.I O I d ~ ~ 
lfl'llfl'WUf1'W Z M1JW-!l\917ll'Vl'W~'Yl 100 1J'll'llt1J\911 

,, 
Li1fi7'U'W7~i'WHWL'Wll'W1Uf1'W X l~'W 160 ii'lli,l1J\9l'j ~7'W1'Wti¥'W 85 ti¥'W ~7'W1'W~~ 

t~flrn~'W High 1rn~lrl~1uml~~~fl~m11~1J1~ii'viri~ 

I 9) "' 
mvm'V'l~~m~fl~ 

,, ' ,, 
10 'Yl~'llfl-!IC}17U\•lt1.J~V'W~7U tt'W ~f17117~i'W~7'W 
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N 'i:'l fll 'j '\11\Pl 'i:'l 0-:J 

1rlm17fll'J1~ 3 r1#-:i l!'i:'l~'WllJll~mJ tt1-:i~~01-:io-:i~1t1r11J-:it'W 1urnnnJ CATIA 1~itn~ 

_1d , 91 dll) 91 ,A 'l' "' "' 
'JlJ'Vl 6.23 f1'i:'llJ'IJ0'lJ'i:'l'il~'Vl t~'illf1fl1Wlf0'lJ ttl-:Jfl7'J1~'11'i:'lltlfl'j-:J 
qJ q qJ q 

_1d 1 1 91 dll)91 J "'q 91 
l1J'Vl 6.24 i,j'lJ'lJ0-:J\9ll-:JG-j'IJ0-:Jf1'Q'lJ'U0'lJ'i:'l~~'Vl t~'illf1'Vl'WN1 t1Ji1'Wlfl'W 

<J II) 9I I 9I A o 9I A I 9I <>' d.& <;j I 

'il ~ 1i1 'W t ~11 fll 'j t 'lH 'Vlfl 'W fl f1U 'Vl 1 'il ~ 07-:JtJ-:i '1:YllJ7Hl'lf1tlt '11 N'i:'l fl7 'J 1~ ~'IJ 'WI 1J'W 0 tll-:JlJl f1 
q 

'l' q, d.?1 q91 11)91 91 & di .,,J,, 
t ~tll'N 'Vll~ t'W '1:1'1'W 'Vll 11'W 'il 'lJ f1U'i:'l~\9ll '1:1'llJl'J tl t '11 'il~ t~m1Jtl1'W lJlf1'1J'W I 'W 0-:i 'illf1'1:YllJl'J tl1~'Vl'W N1 

qJ q 

T !)} I ,., I 

1 'W ri1'W'Yi'IJ1~111 ti, 111 'W f11'j 1~r1-r-:i 11 'J n 1~ t1f11'J1u~ tl'W ~11111 il-:in1'J 11-:i'll 0-:i~'W-:i1'W I vt01 tt1~ 



7.1 nl'Ul},l't\fll';i'fll1~tl 

' e,\ 

'U'Yl'YI 7 

~l'W1'0Vilt~'Wfll':i1'0tH~Oil9ll'Wltfle)~1~'Wf)~ 3 mn~vi~mVHH\?IOnoirn~nm':i~lV 
,1 )J "" .1 di , q ., '1' !J/ d !J/ d !J/ ,,. d,c1 , 

Ut'l'U!! bl' ~!i'l!cifO'fM'U'W 'W'W N'l'lf'W ~ l'W!'W O'lf'W t 'W fll':i1~ A 'fl Hbl'':il~'Vl 1 'lftrl'W ! 'fl Hbl'':il~!~il 'Vl'lJO V 
'" 

I !J/ IO !J/ OJ ~ !J/ !J/ 'LI d. A ,!! ') !J/'] ~ !J/ OJ CJ I 

f10'WUi'11 U\?l'Vllfl7':ibl'':il~'J.!~'il'UV~f1i'IO-H'lll rnt'Wil!\?lil !'WO t'lf t'Wfll':iV~f1i'IO~ CCD 2 \911 t'Wbl'1'W 

'\JO~fll':ifll'W1tU'\17ftl'Wf1~ 3 :U~°l~'l1i1f1fl7':i'\JO~':i~'U'Ubl'!\?IOno1J'W ~-Hfl'Wfll':ifll'W1tU'\17ftl'Wf1~ 

i'W 3 :U~'illf1~~~°l'Wfll'WU~i'l~fll'W~tfl'W~~t~V1f1'W'U'W1\?l(J 'Wf1~~~~,~bl'lill':itl'Wl!~l !'.lhUmiJ 

CATIA t~o1~1'Wfl7':ibl'!wi4''Wth u1;1~bl'lill':it1tl1hl1~~1'W~o1tl 

'l ' '1'. I "1 !J/<c1 "' '1'. I J di 'l !J/q o 
t'Wbl'1'W'll0~ rnrnmiJ t~l-lf17':i'W\9ll'Wl AJJ':iUf1':il-J'll'W!'WO t'lf t'Wfll':i'fl1'U'flilf17':i'Vll~l'W'll0~ 

q 

t'fl1o~1~'Wf)~ $J1 l'U':iUf1':i'lJnilf1'!:ltU~~1 ~~l'W ~lV iifll'j mJ~f)~'lJ'llO~flli ~ 11t~'W '\1 l-11~'11 ll'M~t 'il'W 
q '" ,, ' ' 

':i 1l-li1~ 1 ~tvirn~" ri1'Wu bl'~~ Hi'I m':i 1~ 1 'W pJ u 'U'U m 1Yl mvio'f111iJbl'~~1 n 1 'W m':i ~Hi'I m ':i 1~'110~ 

!J/q !J/ '1' '1' • j A ,!! I OJ '1' 'J !J/ 0 'J !J/ • I A "'"" 

rj t'lf t~V rn':iUf1rniJ'lf017 StereoCMM 'W\9ll'W7 t~V i'lffll'l:17 C++ 'Vll~l'WfllV t\9'1':i~'U'Uu!)'U\9'1f17':i 

Microsoft Windows 20001~v'l~Microsoft Visual C++ 6.0 t~'W'fl'eJiJ1wi{rno{ 

,, ' ,, ,, ' di 
i'W ~l'W 'Ul~'lf'W ~'Vln'fl17il'M'W iJ ~ 'j 1m1~i'W ~l'W viii'fl 17illJ'W!~l cif ~'Vll 1 ~ f)l'j'J~n'fl17il N~'Wm~ ,~ 

,, ' ,, 
't17'11 f 'Uvi'W ~hviii'fl17iJ'M'W TI~ bl'7"7':i 11un1 '11 l ~ vnn 1 im'fl'W 'fl fl7':i'Vll'il~ ~1~il~ 'U'W i'W ~l'W 'll'W 1~ 

'" q ,, ' 
'lleMi'W~l'W'Vl'Vllfl7':i1~'il~~o~1lltn'W 200x 150x 120 :Ui'liltl-1\91':i Ui'l~ftl'fl17l-1Ull'Wih'l'Wfl7':i1~'\JO~ 

t'flfo-rnQ~ 350 1l-lmo'W (0.35 il1;1i1tiJ\9'1':i) 1rlo'V17fll':i1~~':i~V~ 100 :u1;1i11iJm'il1n~1uml~'U'W'q~ 

'\JO~Uf1'W Z 

,, ' 

i 'W ri1'Wihfl'W ,rO!TI'W OU 'W~'t17'11i''Uf17 ':i tlf rn.J1 ~\911!'fl !0~1~vin~ 1 'W ~l'W 1'0 v~o 1 tl l~V'il ~ ,, 
1TI'WOU'W~i'WU~i'l~ri1'W ~~~O !'.!JU 
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7.2.1 
'3) d QI ~ I O QI 

'lltH "1°'W 'eJU 'W~ lfltl1fl'l.Jfl7'j l'\10Jf1111J ll1J 'W tll'll tJ-:lfl7'j 'Jf1 

~ g} ,I /d,c! A A ,r I q g/ ,/ <V g} dA A ,r 
fl'fl f11'j 1 'lHJ1rnu1'j'Vl1J1h~"1''Vl1ifl1Vl1llfl'll'W t'lf'W fll'j i 'lfmrn 'j'l.J'IJ'fllJ"fl1Vl'VllJfl17lJ"~t'fltlfl"l ..:J'll'W 

q g/ g/ ,d,,, "' ,r q 91 I O A ,1,d,,, I d'l g/ I 

t 'lffl" 'el-.'.! CCD 'VllJfl11lJ"~l'el tlfl1llfl'll'Wl1"~ fll'j t 'lHI t1 M flll'W fill "1' -.'.11"ltJ$'fl'j'Vl lJfl 17lJ'U7-.'.I fl17'Vl t 'lf'el ~ 

u 'W 1m..:i~"1°'fl..:i~fo fll'j'Vl-'19ll'W 11 'W ri1'W 'IJ'el..:J hh unrn~ 1 ~ri1'Urimrit'el..:i1fl~flfl ifl tiriTw ~'111"1''W 1 'il 
q 

,:!:I Q/ I QJ r/ 1 91A 1 
fl'el fll'j')<ll \9ll'W 1"1'1'W 'll'el-.'.I f17 'j \91 'j 'J'il"1°'el'U"fli:J W~'lltl-.'.l ll "1° -.'.I 1"!CJ$fl'j 'ttlJfl11lJ"1°1lJ1Hl 'W f11 'j !Wfl!W~ 

a.I ~ o' 1 <f'd .:::i. J ~ J A QI _d A '3) 
"fli:J ill~ 'lJ 'el-.'.!! i,''W rn !CJ$'e)'j 'j ~ 'l-111-.'.I U "1°-.'.l l" !CJ$'e)'j 'Vl !fl fl 'IJ 'W t fl tlVl 'W H1 fl 'Ult "1°-.'.l 'Vl l flfl 'ill fl fll 'j "1°~ 'Vl'el 'W 

n'Wm..:imt11 'W1\91t1~..:iihfo1:J ru~m~ 'ilflm~ 'illtl ri1'W I 'WU 'W 1'Vl7-.'.1~"1'7lJ ~fl fll'jtJ 1tm'fl iJm ru fll'j 1fl 
q q 

A Jt '3) 19'. QI Jt 1 9) QJ d,.. I '°' A & di '3) QI 9 , 
'lf'Wfl'el'Wl'll11ll 'lf'j'JlJfl'W!Vl 'el t1 fll'j'JfllJ u'j ~"1°'Vl1ifl1Vl1llfl'll'W CJ$-.'.l'il~\91'el-.'.!Vl\9ll'W 1 t 'W ff1'W 'll'el..:Jfll'j'j'JlJ 

gJ 91 91 "' • I ,/,v 'l 1 "" di q 9111\ gJ gJ "' "' "' 
'll'ellJm'll7fl1tlfl'W 'illfl'elumru 1fl t 'Wll\91"~'lf'W fl !Vl'el t t1 tfl'll'ellJ"fl7'j'Jfl!Vltl-.'.l'lffllfltl1 

<ti q tU q 

d 'l 91q "' 11\ 91') A 1 91 di d ,I 
!1"7'Vl t'lf t'WflU1flffllJl'jt)"flM tfl tfltlflU1"fl 'lfUfl'Wlfl"tl'W'VlU'U'UlJ'ell\91'el'j 

'll'Wlfl 1 mu t<l'el-.'.l'illfl'Vll 1tt~7 1fltl'el1'ilt11~ti'W, iJ1~llff-.'.l~t~'illfl 111'jt'ilfll\91'elf ~iilJ'elW1'elf 'll'Wlfll~fl 
u 

<V di t q919/ A ']91 ,/,c! 91 A o']g/ <V 

'lJ 'Ul fl" 'el 'W ll 'Vl 'W 'j 1lJ'Vl-.'.1 fll 'j t 'lf l 'ff'W m fl U 'Vl 'W fll'j t 'lf ll tl 'LIU ff -.'.I rn !CJ$'el 'j l Vl ti-.'.!! ff'W !fl tl1 'Vl 1 t t1 "1'1lJ l 'j m 'U 

g/ I I J A 11\91 I "' t"' 11\ 191 "' 1 dt d 
'll'ellJ" 1 'WU\91"~ff1'W'll'el-.'.!Vl'WH1 tfl'illflfl7'jtlltJf11Vl!Vltl-.'.lflHlfltl1 ifltl tlJ\91'el-.'.llff tll1"1 'W f11'j !fl"'el'W'Vl 

<U 



fllflH'l-!10 
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,1 ' ,Q ,I .,i di 91 ,/ h,1 'U'Yl'W 'il~ mn1t1-Hill m t1Hn1 ~ fll':i fl1'Ufl ii iim~ tl':i 'Yl~ 3 wrn C}/~ t1J 'W ii m~m m.J 'lJ • • 
t do yd d d t J C11 

Brushless DC Motor U'1~ff1'W 'Yl'Y17'11'Wl'Ylfl 1'Ur:Jiifl1':i t fl'1 tl'W 'Yl'lltl~ Ufl'W 'Yl~ 3 Ufl'W 'llt1~tmt1~1\PI 

.,,. "' .,,. "" ,,i "' o' di "1 91 _ I o'9 91 "l _ I o' "' ,,i "' 
'Ylfl\PI 3 ii~ flt) ~1fl1'Ur:Jiiiit1t~tl';i C}/~ !\Pl\jfllJ';j~~fl~ t'lftl~ !'W~1Jfl';illifl1'Ur:Jii 2 ~1flfl ~1fl'J'Uf:JlJ 

<V di <V 99/ ,'I I <V <V 99/ 
6250 U'1~~1fl1'Uflii BLX30 C}l~~1Urn'il~ t'lffl1'Uflii 2 ttfl'W fltl!tfl'W Y trn~ Z ff1'W~1'11M'il~ t'lf • • 
fl1'UfliiUfl'W X • 

I d ' e;S .. I cl cl I ~ QJ cl I ~ cl.dG) 'J) 

fltl'W'Yl'il~ fl"11t1~~1Jm ru fl1'Ur:Jiiiit1t~m 'il~'llt1flm1t1~~1iit1t~ t1rnt1'W i \Pl tilJm~m'Yl i 'lf 

" " 
fl1'Uflii~1tt11'W•mfl'W'n~ 3 Ufl'W t~'Wiit1t~t1{U'U'U Brushless DC Servomotor '11~~'illfl'W'W'il~ • 

I ,Q - I ,/ ,/ 
fl"11t1~t11Jmllifl1'Ufliiiit1t~t1':i 6250 trn~ BLX3O • • 

v o d 
1. 'Yi'i:lt1fll'-:i't1H1'1-!'Ue>'1iJeHVle>'-:i 

,/'i ,/ cl, 9 91 "' 9 OJ '\' OJ"" ' 'Ji 
!C}ltl';i niit1t~ tl':i iifll':i ! 'lf ~l'W fl'W t 'W ':i ~'U'U fl 1'Ufliitl~ t 'Wii ~tltll~ fl11~'\J 11~ t 'Yl ':i 1~ fflill':i ti • 
0 I d "1 91 I cl, I O "1 9/cl. 'i .:, "1 - I 

fl1'UfliimUtt'W~U'1~fl11il!':i1 !\Pl~ltl iifl11ii1tii'Wt1lff~ lt'1~fl1'Ufliim~ !\PI\PI t\Pltl'Yl1 !lJ'il~fflill':itl 
q ~ • 

, o' o' 'Ji d o' i 
U'U~ll':i~tfl'Yl'Utl~!C}ltJ':i 11iim~t1':i!\PltU'W DC Servomotor trn~ AC Servomotor iit1t~m'Yl~fft1~ 

cl, I - I ~ di ,,i - I I di 91 OJ d O 91 d -~ "1 -.I-~ 9 91 OJ 

u 'lJ 'lJ 'il ~lJ ff 1'W 1J ':i ~ fl t1 'lJ 'lf'W 11 'W ~ fl t!U 1J ':i ~ tll 'W C}I ~ 'il ~ t 1J 'W ~ 1'Yl 'Yl 7 tt 'W l'Yl 1J tl 'Wm~ u ff rrrrn i tt fl 'lJ 

d O d .. I I d A .:::i ,:::!~ I G} 9/ A A <ll 

'll\PI '11\PI m 'W t11'W 1 'Yl u 1J ':i ~ m'W 'W rn~ 'il ~ t fl\PI fln t ff tJ\PI ff C}I~ 'il ~ff~ r-rn i 11 tfl\PI fll ':i 1;tt1Jt ff tJ'U tl~ 'Yl" ~ ~ 7 'W 

"1 .. 1 _:H 11) - I I di O 'I 91 "" 91 11) I "" 91 ' OJ di 
rnY'll rnff1'W'l1'W~ '\Ill !'Htfl\Plfl11ii':it1'WU'1~f111lJ !ilt'lf~tff'W (Non-lmear) tl'Wl'Wtl~ill'illflUH 

cl. di cl. I d _::l1 'Ji o OJ ') ') 'Ji ,I '\' 9 ,/'\' ,/ 
tfftl\Pl'Yll'W C}l~v-!'1tffmttm'Wt1J'W'llt1'illfl\PI i'Wfll':i t'lf~1'Wiit1t~t1rn11\Plt1~'1t1\PI i'WtC}ltJ';j niit1t~t1rn'U'U 

" 
1"ihtll':i ~cil'W (Brushless) 'il~ 1"iitlt1J111m ri1-w v\1 l ,r ff1mrnfl1'Uf:J ii 1${ \jfl~tl~trn~mJ'W ~1 

I cl .c:! ... I ' 
rnfl m1ii t1t~ t1':i u 'U'UlJ u 1J ':i ~ m'W 

!C}lt1111iit1t~t1{u'U'U 1"iiu1l':i~ci7'W 'O\Plt1~l 'W fl~ii AC Servomotor u~mt'Uiir:Jru~m,Jru~ 

" " 
flii'1t1t1'U DC Servomotor ~~U'W!'W'Ul~fl1~~~\Jflt1tlfl17t~'W Brushless DC Servomotor 

i!'Wttl~ t~tl l ,r1,,i'11 'il 1 'W'l1~flfl1':iY17~1'W 'lltl~ Servomotor ~~J'W 'il~'Utltl1i'Ultl~~tt~flfl1':iY17~1'W 

c1 QJQ)d 
'llt1~iit11~ t1 ':i m ~u i1m ~trn~ fl ':i~U "1'ff'1'U\PI ~ 'W 
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~ 0 ✓ 
1.1 lH'lf1fll'j'V]7-:j7'W'IJtl,UHH\9lm m:::u b'(\9)'j -:i 

ti 7 i1 v 'YI~ n n 7 ':it rl tin ':i::: u b'( tl rl ~ 11 'YI {l N 1 'W tt iJ ':i -:i ri 1 'W (Brush) 
\l)_JQJ d O d I I I cl d 'J) I cl cl 

( Commutator) t 1JV-:j'\Jl'){l1\'ll'\1'WV1'W l'Vltl~'VlllJf){ll-:j b'('WllJUlJl'Yf {lf)'V]b'('jl-:j 'illmlil ! 'Yf {lf)tl7'J'j f) 'ii::: 

nt11tttnl'IU'J-:i'Ul'I (Torque) i'W'Ylft''Vl7-:in~iJt1tffw ~-:iitl~ n.1 m-:iiil'l~tfll'l,f'W'il:::iir11t1-:if.(l'ltrlmm'W 

QJ J d Al Ji 'J) d do , 
'Yll;j'W 'Vlll.jlJ 0 t1-:if1'7f)'U'J ~'W 71H'l''W llJ UlJ l'YI {lf) H{l~ 'ii~ lJ m{ll'I {l-:j t ':i tlV<i"j 'il'W 'W tlV'Vl f.{1'1'Vl\917U 'Yl'W-:i 90 

t1-:if1'1 

Rotor shaft O.C.power 
SOllC8 

Electr1c 
conductor 

d o r1 
lU'Vl f).1 f)l'J'Vll-!ll'W'IJtl-!llJtll\9\tl'Jf)'J~H"1'\9\H 

9 r/ ~ \Jl,.. 'd9 3) C:i d QJ d O QI ~ 0 G} 'J) C:i d 
A'WlJtlt\9'lmm:::Ub'(\9\H'Vl161 lJ'Vl A'l1-!17'W'il'J-!l 'il~lJ\911!'Yl'Wtl1'Wl'Ylmtl\911 0)1-:j'i)~'Vll t'YIUH'Ul'l'Vl 

vi 9,JA ' A eJ ~ I ~ d QJ QJ c:., 
tl'll.lm':i1rn ':i t1'Ul.llf1'1J'W 0)1-!lmu ':i-:i'Ul'l'W 'il~mh N'W\9'l':i-!lf1'U m:::ub'l''W 'Wrn-:i 

QJ O r/ QJ 

1.2 'YI {l nm':i m-:i1'W 'llt1-:ilJ m\9'l mm::: mrn{l 'U 

ef QJ i I c/ ~ QJ d O d9,1 
lJtl!\9\tl'j m::: U b'(b'({l'lJ'W 'W 'il~\911-!l 'il lf)lJtl!\91 ti 'jf)'j::: U "1'm -:i t l'IV\9\'Jl'YI 'W V1'W l'il~ ~ f)U 'Vl'W 'Vl\911 V 

Slip Ring trlt1lJtl!\9ltl{t~m11-:i1'W ~H'U'J-!lril'W A 'il:::lM'n61vJvh~'W'U1f) ~m.h-:iri1'W B 'il~ii 

~mflvl~1t~'W{l'U 'il:::tnl'IUH'Lil'l'YllJ'W'lll'lml'l'illn~1uttil-:i o t1-:ir11til~~1U'Yl'W-:i 90 t1-:ir11 ~~1uml-:i 

d ~ £l1 d ' .d O 9 'J) I \IJ .. IA Jt O I 

'WUH'Ul'l'il:::t1J'Wl!)''WV U\9\U'JWi!tlV'IJtl-!l'IJ\'1{11\'l'il:::'Vll t'Yl'IJ\'1{11\'l'Yll.j'W\9\tl tlJtlf) !lJtlrnV\9\lU'Yl'W-:i 90 

~<(1,i_,l_~d.l I .Id t~ dic:l oq!ll-=- A 11).J"'I 
t1-:if1'1 fl'f)V !Y'iY'il'VlU1JHtll'W A trn~ B 'il~!1J"1V'W'IJ1f)'W 0)1-:jf)'iJ:::'Vll t'Yl!f11'1UH'Ul'l'Yll.j'W'\Jl'l{l1\'I rnt1-:i 

0 I ~<(1,i_,J_~c:J ~A.;; A A lil_J,,i di c:J 
\9\l!!'Yf'W-:j 270 t1-:if1'1 fl'f)V !Y'il'llf)'i)~b'({l'lJtlf)'fl'J-:i tm~ml'IUH'Ul'l'Yll;j'W'\J\'1{111') tlJ!':itlV<i"j 0)1-:jf117lJ!'J1 

,, ' ' 
'IJtl-:j'\Jl'){l 11'1 'il~~'W ti ~f1'U'fl17lJ ~'\Jtl-:j m::: U b'("1''t1 'U 'VlU 'rl ri-:i f17! 'Wl'liJ tl'W 1 tt 

" 



Rotor shaft 

MogletlcfllD( 
I ,, 

T~ ;~orque 
------, /;/ ) ____ _ 

A.C.p<:mer 
SOLIC8 

conductor 
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q I r/ "1 IA ... I I d Q.) QI QJ r/ Q/ 

1 'W TI1'W lHH\91 ti 'Ht 'lJ'lJ I iJ ii u 1J H tll'W (Brushless) fl 'il::; flrl 'lJ fl'U fl 'W ii t1t\o'lt1 j m::; u TITirl 'lJ 

d o' o' I ~ ~I QJ Q/ ,. Id ~ 
\91 H'Vl 'U~ rl 1~ tll j tilt 'i1 'e:l1 'il::; t!e.l'IH Url ::;'U~rl1~TI'W lil 'il::;l 1J'W \o'lT\1 il'WU 'Vl'W ~-:I j 1J'VJ fl .3 oif-:1 'il::; 

" . " 
fl-:Jtfl\o'lt~'W ,~--.h iilihtvHcil'Wlrn::; Slip Ring 

..__,.;--------i•"'--I---------' 
;/ 

Rotor shaft A.C,p<:mer 
souce 

jV~ fl.3 fllj'l'17-:J7'W'llt1-:iiit1t\o'lt1{u1J'LI iiliJmh-:ici1'W 
" 

' ~ 

t i1 t1 -:i 'il 1 fl i l.J iJ u v j -:i cl 1 'W il-:i i! 'W ~ -:i 11t1-:it11 ii t1 fJ v fl j ci't 'W fl 1 j fl 11J rJ ii fl 1 j i 'YI rl 'U t1 -:i 

fl j::; U TI i:vlvh i -n'iJ nfo trn ::;'l]'W 7~ flil'W 'W fi f1'lJ ~ 7 U '11 'W-:J 'lJ tl-:IU fl'W 'YI iJ 'W fl ill i1 fl'j,J ru::; ~ ihfltllflfltl Ul-:1 . . " 

'Ylrt-:i~t1fl11m1rn~ t1'U'llt1-:iu j-:J1J~~\Jflmdt1Tw1 i 'W mru'llt1-:ii1m\o'lt11 m::;ui1m-:i 'Yl1m jlt~ii~1'W 1'W 

Q/ d O O 9,) ~ d \I) ')/ e:::l & I e:::l o"<r cl 
'llt1-:J\o'l1!'Yl'Wtl1'W7 (Commutator) 'il::;'Vll t '11Uj-:J'lJ~'YI t~jl'lJtj tl'U'll'W TI1'W mru 'llt1-:Jtoift1j niim\o'lt1j 
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u'U1/liliJ uu1 -:icl1'W u H'.U\Pl~ i~ 'il~Vi1rn~ eJ'LI~iHrltJu 'LI-:J'll\Pli111Pl1'11~eJ1il1t~u 3 t~irni1~u ui1-:i 

I •• I 'l !J/ ?I • I ,,l "1 ✓ • "' 'l • I d 
m~UTI'Utl-:JU\91i1~tl"rti t'Yit1J'Wl1Jfli1'W t"lf'W (Sme Curve) \Pl-:J t'Wl1J'VI f1.4 

(a) 

(b) 

(c) 

a 

iu~ f),4 f)l';i'\'17-:Jl'W'Utl-:Jt"lftJ{blJtJt\91tJ{U'I_J'IJiiliJuu1-:ici1u trltJ1J'lJ\Pli11\Plt'\1~eJ'J'W7 3 t'l"lTI 

- Id ~I 9,1 Q,J ✓ .... I A 1 "' A 
l1J'VI f1.4a trn~ f1.4b t1J'\.JflWl1-1'Wl\91\Pl'lltJ-:Jlltlt\91tJ':iU'LI'IJ 3 tl"ITI"lf-:J m'W'i:1' lJ U+, U-, V+, 

V-, W+ trn~ W- U'i:1'\Pl-:J~\Plt~ll (~\Pl) trn~umei (mf1'LI1'VI) 'Utl-:J'll\Pli11\Pl trlmrnt\91tJfl~i''IJ 
I jl 1 I 

m~uTii'l"l 3 t'l"l'i:1' ~-:i1'Wiu f),4c vi~\Pl A 1Jt~eJ-:it'l"lTI u t'V11tJ'I-Jvit~'W'IJ'Jf) 1'1-J'lltl!~'Yh'l"lTI V trn~ w 
cl t,<VtA dQ,/ ef ,cl 

trl'W i1'LI 'Vl-:Jt} \Pl-:J'W'W'Vlrl''Vll-:J'UtJ-:Jm~u'l:1'1 '1-J'll\Pli11\Pl'il~trl'WIPl-:JlU f1 .4a ui1~nflt\91V':i'Utl-:JTI'W 73JUiit'1-1i1f1 
I I j/ 'j/ I I 

vi\)m1-1'WeJTW11J'Vlrl''V17-:J'illf1'1J1!'1-1'Wtl (N) iuEJ-:J'lJ'J 1~ (S) \9173J'l11\Jf1rl'':i tijtJTI'W13JUl-]!1-1~f1vitn\Pl'illf1 

Uf)'W 1-1~'W ~\Plfl'IJ'l"l1;1f)OMUl-]t1-1 ~f)~ i~ 'illf)f)l';j t 1-1~eJ'J'W 7 l\PleJ'Vll~lJfl'Wt~'W ~lJ'il lf) ~'il~tfl\Pl u ';i-:J'.U\Pl 1 'W 

,J O G) !J/ "1. l'l .,_ c:J .,_ d O I •• I "-' / I c:J 0 

f11':i1-1~'W'U'W 'Vil t1-1Uf1'W1-1l.l'W1-1~'W rn t'W'Vlri'Vl7-:J\9113Jt'Ull'W1Wf17 'Vl\911U1-1'W-:J B l"li1f1"lfUllt1-1i1f1'il~'Vl7 

~l-1 60 tl-:Jrl'lfl'IJ~ltt1-1J-:i A 
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0 11) 91 I 91 -~ n,I '] 9111] I t O '] 9111) 91 I O d 
'il~m'W 1~11tl7!'.i11JB'Wm~Uff 3 !TI'i:1 !'YI !'Yl{!Nl'W'\J~{l'J~'Yl-:J 3 'il~'Yll !'YI !~ff'W1'.IJ!!'.1Jr!1{lfl'Yl 

d, y9,1_:::1 Q,J o c1, •tii ,~ d 
'illfl'Yl fl{ll'J'.IJ7'\J1-:J\<l'W! 1J'W 'YI {I flfl1'.i'Yl1-:J1'W '\JB-:J'.IJBL\<IB rn 'lJ 'lJ m-:i~ \<I ti I ti 'il~ fl{ll'Jf;)-:J'J-:J 'il '.i'Yl 

o 9.J d o ii ~ o s.J d. 'JJ lll ... !M .de::1 .... I ~ Gl 9J 
'Yl7'Yl'W7'Ylfl1'Uf.J'.1Jfl1'.i'Yl7-:J7'W 'llB-:J'.IJBt\<lm 'YI '.i B'Yll'Yl 'Wl'Ylff'.i1-:im ~ttff rvh·nmJ'll'W 1~ trn~ tTiff t'Y-IB i 'M 

1 'W fll'.i fl1'Uf.J'.IJ~1!! 'YI 'W-:J'llti-:i Hfl'W 'YI ~'W \<11'.IJ~ ti-:i fll'.i 

a''l' a' 11) I A n I I 

1.4 1-:i'il'.ifl'J'Ufl'.IJ!CJfB'.i 11'.IJB!\<!Brn'U'U 1'.IJ'.IJU1JHtll'W 

'] 0 a'', a' 11) f,c! n f I I ... 0 .aj di 
I 'W fl1'.if11'U'fl'.1Jfl1'.i'Yl1-:i1'W 'UB-:itciftl'.i 11'.IJBWltl'.i !!'U'U !'.IJ'.IJUu'.i-:itll'W ~~~-:i'Yl'.IJltl'Yl{lflflflB!'Y-IB 

~ ' 

v\11 tiWilflCJ$U~m~ni'.i'Virt'Yl7-:il'1-:i1! 1nr1'Um~n1:1 ~-:iur1~-:i 1 'W 1,1.l'Vi n.s 

Reference 

speed 
Speed 

Speed 

feedback 

circuit 

DC-
conve 

SIN 
sion 

Speed detection 

circuit 

Triangular wave 

generation circuit 

Current 

amplifier 

Sine wave 

generation circuit 

Sine wave 

PWM circuit 

Comparator 

Comparator 

Comparator 

Rotor position 

detector 

-4 Rectifier 

bridge 

Driver 

Driver -r 
Driver Transistor 

Driver 
bridge 

Driver 

Driver 

Three-phase 

ynchronus 

encoder 
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1.4.1 Rotor position detector t~t-n-!l'il';i~i'1Ji1t1jt1JltiHllf1\9111'f1~7Ul'i'W-!l'IJ'eNllti!~ti{ i~nrl 
91 .I .., .., , q 91 "l .Id 91 ,A 11J o' . . 

Encoder U~1U1J'Mi'l't1Jt1Jlru'f'l-:inm1 t'Vitl~ t'Wl1J'Vl1-!l'il'.ii'l''H!lfl~'W ttJf'W (Sme wave generation 

circuit) i'l'llll'.it1i'1J i~ 

1.4.2 Sine wave generation circuit t~'W1-!l'il'.i~i'l'f1-:iu1J1J'\Jt1-!lfl~'Wl'UiC)ftJ'illf1~tl\J~~i~'illf1 
' ,, ' 

Rotor Position detector !Utl-!l'illf1iilvl 3 t'Wi'I' i-:ii!u~-:i\ilt1-:ii'l'f1-:itt1JU'\Jt1-!lfl~'Wl'UiC)ftJ 2 !!1JU 

i17l'li'ui'vl 2 !'Wi'l'fltit'Wi'l' U u~~!'WTI W ri1uiYlrwi'I'~ 3 (!'WTI V) i'l'llll'.itlfll'W1ruU1J1Ji~'illf) 

V=-(U+W) 

, , , 91 d 11] 91 1 91 ?I ,A 11] o'd 
1.4.3 DC-SIN convers10n circmt '1Jtl1,l~'Vl t'f1'illf11-!l'il'.if1tl'Wl'i'Wl'il~!1J'WU1J1J'\Jt1-!lfl~'W ttJf'W'Vl 

iili~t~'W '\J'Wl'fl'il!-:i 1-!l'il'.it'l'lll'l'w'7~1 'W f)l'j U'U~-!IU1J1Ji-:inci111ti't~'Wfl~'W itJftJ~U'Yl'ilj,:j mfom'.i 

uiJ~-:iiZt11t111ru'il~t11~tir-rnrJru'llt1-:i Output 'illf1\911'\Jtlltl~t1Jt1Jlrufl17llt~1 (Speed amplifier) r11J 

~t1Jt1Jlru'llti-!lf1'.i~Ui'l''illf11-!l'il'.i Sine wave generation 

. . . ?I 91 .A .I~ ,A d191• .., 1.4.4 Triangular wave generator circmt !1J'W1-!l'il'.iTI'.il-!lf1'.i~UTifl~'Wlun'Wrntiti 'Vl 'l1i'l'll'i'.i1J 

1-!l'iJ'j Sine wave PWM circuit t~tl'Yllf1l';iU'UMfl~'WiC)f'W"iilt~'W'W~rll'lmti"7 \)f1 

S. PWM . . J liJ 91 J .lliJ o' 91 1.4.5 me wave circmt !lJtJ!'jl t'flf1'.i~UTI'fl~'Wl1J ttJf'W l'ilf1!'.il'\Jtlltl'IJ'Wl'f1'\Jtl-!lf1'.i~Ui'l'U~1 

-91 91 ""i "" ~ di "" • I o' & """' 9/li) """' .J -'I 
1Jtl'W! '\Jllltl!~ tl'.i t 'fl tl~'.i-!l 'il~ !f)'fl 1Jt1jl'i l!lltl~ru mJ ll 'IJ tl-!lfJ1J m ru ~ -!I'll 'W 11i Uf) t 'IJ Tli f11 '.i l'i 'W-!l 'fltl f)l'.i 

• I "' • lliJ o' ?I "' o' de, 91 • I "' "' di 1IJ o' OJ • I 
tt1JMi'l't1Jt1Jlru l1J 1C)f'W!1J'W'V'l~i'l'l'i mti"') \I f1'Vlll'fl17ll m1-:i U1J'.i N'W f11J'IJ'W l'f'l'IJ 'el-!lfl~ 'W i C)f'W 'f'l-!ll 1J n. 6 

di ... I~ di £11 di d ')) & ~ d ~ ~ q 'J) A cv d C\ a> 
fl ~'W i 1J nm~ ti tl!1J 'W fl~ 'W 'Vl i'l''.i 7-!l 'IJ'W ll 'fl 11ll tl!'f'I tiT\1 'j ti in~ !fl ti-:i f11J 'fl 11ll ti 1 'W f17'.i i1'1'VltJf'IJ ti-:i 

'Vl'.i l'W O}fTI!~ ti{ N~'IJ tl-!lfl'Jlll rt~ -:i nci11~~ ~ti '.i ~1Jufi tll'i lf)'fl 1lllrti-:i nci11iir11~1'il ~'1'111 ,r f)l 'j 

~tl1JTI'W tl-!l'\Jtl-!l'j~1JUi1 mniirllbJ:-!I 'il~'Yl1 'litn'f'lf1l'j bJ:t11ti1tin1~-:i iYlmn 
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_I d d<j d 
2. ~1Jfl'H:lirl1'llrp.J!C)fel'a &'Jilel!Plel'a 2 Ufl'\..! 6250 

?I _1 o' o o., -1 _,., di d931., 
tu'\.-! -r;ium ru fl1'U'fJiJfllj 'Yl7-:J7'WllWl j !l'W ~l'n j'l.J'Q1J m ru 'llrnmnrn j ~'U'U'Yl i tt ~t1Jt1J7 ru 

+ ., 931., _f ., ., d di ?I 
Output U'U'U Analog 'll'Wl~ _10 Volt ~1fl1'U'flll 6250 !'ll~'Juj~lJ1'(1H'(I 2 ~1 ~1'Yltt'W-:Jtu'W 

1ii 1 m 1 ilwlf~!CJftJjl iiJj~lJ'J'(IH'(l t ilj Ufl'.ilJfllj tflit1'\.J~j~~'U~-Hrn~urn,11til'W~'JiJj~lj'J'(IH'(I 

~i~ti" (Digital signal processing, DSP) rl1tti''Ufl1Hl1'U'flll~i1Jof/t1'WU"~'lifl11m~1~-:i fllj 

'li~1ilj~iJ1"N'~ 2 ~1 'lf1v'ltt'i!ij1J~~1iir11i-:i'1$Jt~1~'W fllj hhumii 6250 b'/1iJ1jt1'1'11'1$J1~v'li' 

flt1ii'Vt1t~t1{ PC N1'Wm-:ivrn{~~t1b'/7j RS232C tt~t1Nl'W'Yl1-:i~1t~t1ii~t1mYJ1~rl1tti'1J 6250 u~ 

" ' ' 
l'W-:Jl'\.-!1iuvil'li'mjt'lft1iJ~t11~v RS232C 1~m0Jf~~7YJ7j7:Wt~ti1~-:i~1j1-:J'Vl n.1 

Baud Rate Data Bits Parity Stop Bits Full Duplex XON/XOFF 
9600 8 None 1 I Enabled 

~1fl1'UfliJ 6250 'li'1tmrn11JfliJU'J.J1J~i~t1" 'l'W mrn11Jfllll-11uttil-:itrn~fl11iit~1 fllj 
q q q 

fl 11J 'fl ii 'l ofib'lii nu 'l 'Wm j 1'17 'W 1ru i1t1J t1J7tl! r111J 'fl ii 'l 'W b'liJ fllj 'il ~ ilj ~ fl ti'J.J l 1 v~ 1 u iJj 'll ti-:Jl'l 7 J-:i, 

1-11tmtl-:iil'il~1J'W, 1-11u tttl-:i 'l 'W ti~~. trn~~ltfl'W ~1-:J"l rl1tti'1Jitmjfl'J'U'fliJ~'l i~eiit PN &F 

A - I d "'"' ., I 'l -I 1 d ?I "' d d £11 
Yl'iJlj ru 1iu'Yl fl. 7 u b'IMTfiflUrl1'U'flll~-:Jfl"71 'W i ub'/1'\.-! 'Yltu'W fl7H\1'U'fJll'il~lJ'J.J'(ltlfl'Yltu'W 

YJ7j7:Wt~ti1'llti-:!~1rl1'l.J'flll~tl Velocity Feedforward (SGVF), Acceleration Feedforward 
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(SGAF), Integral Feedback (SGI), Proportional Feedback (SGP), Velocity Feedback 

(SGV) i'Witl11~m1 Drive ~t1\>11'll1Jl.lt1!(,)t1{~i~fl~11~-:iiw,rn'W~Nl'Wl.ll 

I
I 
I 
I 
I 
I 

- - - Servo Control Algorithm -

Velocity Feedforward 
(SGVF) 

Acceleration Feedforwar<l 
(SGAF) 1----~ 

Integral Feedback 
(SGI) 

+IOV Analog 

l . r Servo Dnve System - -

I I Current, Torque, or Velocity 
j I Control Signal 

I 
I I 
I: 
I: 

Drive 

r----~ 
1 Motor : 

Control Signal I 
~ -::..-::..r:..-::..-:. 
1 Load : 
L-----

Velocity Feedback 
(SGV) 

pJ~ fl.7 1tif17'.irl1lJ'fllJU1JlJ PN &F 

11 
I 

I I 
Encoder 

...I _________ J 

2.1 Proportional Feedback Control (SGP) 1~~7r117lJN\9l'VHn\9l'\Jt1-:i~1u'Y!il-:in1Jflltl'-:ii'Wm'.i 

fll'W1uii1ruru1ru r11'Ur1l.l ~l!fl'W~i ~~ti SGP m! 1~'\J t1-:imrn11Jr1l.lu1J11il t1rl1-:i'Y!~ -:i~t1fll'.if17'0\9l u u q q 

' ' ,, 
bYtlJtlJlill '.i'Ufl'J'W!'V'i'.il::: !lJt1i'.i~-:J'.ilJfl1'W '.i :::lJlJ'Yll i tttf1\9lrl17lJN\9l'V'iLll\9l'\Jtl-:J~7U 'YllJ-:J~'W '.i:::lJlJ ~'\l:::'Yh 

fll'.i'LI11J\>11i'Y1t1i'l\9lr111l.JN\9l'V'im\9l~!n\9l u~~lm'W~i ~'Yl7flU11J! tti'.i~1mmn'W 11l 'il:::vh i tt'.i:::'UlJ 

!f1\9lf17'.itl''WUi'l::: hh~~V'.i ,~ 

2.2 Integral Feedback Control (SGI) bYtlJtlJ7Wr111JfJl.l!~'i17flfll'.iO'W'Yllfl'.i(,)~7r117lJN\9l'V'im\9l 

'\J t1-:i~1im il-:ii\o'l'.ilt ~ 1'\J t1-:i fll'.i O'W 'Vltm \o'l fll'Yl'W \9l 1~ 'i11 fl~l SGI r1 tl' 1~ mfo '\J t1~ mrn11J fll.JU 1J 1J 
q 

o'W 'Ylfl1i'l~t1 fll'.i rn1'1f'W::: fl17l.l t ~V\9\'l'l l'W r11t1u '.i-:J 1 tl'l.lci1-:it 'Y1t1i'!\9lfl17l.l N\9\'V'i m\9\~mn'W:::fl-:J\911 
' ,, 

(Steady State Error) °ltt'W t1V'Vii'!l9l'Yl1 ti !~i'.iti'! V f17'.i'Yl7-:Jl'W '\Jt1-:Jfll'.irl11JfJlJU1JlJ'W 'il:::~1-:i 'illflU lJlJ 
' ,, ' • .,:!(,c!:ld, A Adl AQJ 

Proportional fltltl.J ti l.Jrl 17 l.J N\91'\l'l '17\91 t fl \91 '\J'W '.i::: lJ lJ '\l::: t 'V'll.J ~t\J tlJ lill fl 11J fl :IJ \o'l 7 :IJ fl7 '.i ~::: ~:IJ '\J tl-:Jr117 :IJ 

N\9l 'V'ii'll\9ltrlt1~ 7iYtlJtlJ7 ru r11m;i:uii~ 1m fl'V'i t1~ 'il::: 'IJ11tflit1'W '.i :::111J 1 tt i'!\91~ 1r111:u N\9\'V'im\9\M 'YI i1 fl fl 1 '.i 

i-:imh1~1:1J1'.io i~!~fllJfll'.i~\91\o'll:IJti'Wi'll-:J (tracking) ~1V'el\o'l'.ilt~1fl-:J~!~ 
,, ' 

I A A QJ At=:19) QJ .ef, ,c!:l A A 

U\o'l fll '.irl11J 'fl :IJ U 'U lJ tl'W i'l fl '.i i'l 'W :IJ '\J ti fl 1'.i '.i::: 1-:J fl tlt:IJ ti fl 17:IJ N\91 'V'i i'l 7 \9l ~;:: ~:IJ 'i1 'Wt fl'W 

. d ,.. I " q j}IJI 9J QJ cl A I ~ QJ d OJ G) Q) ~ 
fl11:uml.l1rn'l'l-q1Jmru r11'UfJ:1J~1m'.i o i r1 tl9l~tlJtiJ7ru r111J'f1:1Jfl 'i1::::umt1:1J\o'l1'1'l'.i :::19\lJ i\91 '.i::: 19\lJ'Yl'W-:J 

'-:Jt'.ilt1Vfl17 Integrator windup trlt1tn\9l Integrator windup 'i1:::\ilt1-:ii~rn;ni1'1lru:::fl17~fl7 

QJ ,q I d QJ O \tj 9) 'G'I d A d QI J'd 
~t\Jt\Jlill fl11J'fl:IJ 'il:::,rn i'l~:IJltl~ t'W 'lf1-:Ji'l\o'l1fl11JfJ:IJ~7:IJ7'.i f;l'l'll A \9l U\o'l A 'W '\JW:::i'ltfl\91 mrnl.l \o'l1'W fl 'i)g: 

' ,, ' 
tn\91 Overshoot U't'l::: i'.j fll';j bY'W ~::: tvit1'W :IJlfl i-:i 'tJ 'W!lJtl~lbYtlltlllU! fl11Jrl :u~-:i;i\91 ~ lf119lU-ti' 1;-:Jr11'.i 

u u q 
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11 EJ~ m1 O'W vitm~r111:1J N~vu1w1 '\l'W m~ ~ -:i'rl 1ifomnru r11ur1:1J '\l~nE1wu'1 cii1-:i~'Vl1-n'W H{ 1v~ 
q uu . q qJ qJ 

fl.8 mrn-:im1tn~ Integrator windup Ubl~fl71Uf11'll~-:i~1~fl~71:IJ7 

... 

'MncQ> 
Dualon 
(Wd) 

! i i 
. mafT, 
I ! I 

TellTl 

----~ J 
- -- rN ~ ~ ! 

_________ ....,, NlCllog 
---------- t.l'l.Analog 

0) 

OU'pu(-1 rNJ 

bl 

iu~ fl.8 fll'Hf)~ Integrator windup 

rupulj-lrN) 

2.3 Velocity Feedback Control (SGV) i1t)!t)!lillrl1'UfJ:IJ'\l~UU1m:1Jum1m1tV~EJ'WUUil-:i'll'eN 
t !V I 1 

~7U '11 'W-:i 'rlltfl'W 'Vi1 ~fi'el SGV fl1'Hl1'1Jfl'.IJ H 'lJ 'Ui'.l 'VllmY 1vhH''Lirl17:IJ N~'V'lm~'ll 'e)-:j~ltm 'W-:i O'el'W 'Vi 
q 

Al QJ ' d I ' I ~ A r;J ' 
'\l~:IJrll:IJlfl '.IJ'W'\l~'li1tlt'V'l'.1Jmr111'.IJ'\1'W1-:i (Dampmg) ui1~t'V'lmil't1EJH1l'V'l'll'el-:i1~'1J'IJ~1r1 mtfl'W 

SGV trl'elii'rl7'.IJ7fl'\l~'Vl7111'm1:1J N~11lm~'ll'el-:im1~~~1:1Jti'W'Yll-:i (tracking) ~1r1r111:1Jt~ 1r1-:i~mfl 

" 
, U~1V 'W'elfl'\llfli'.lEJ-:i'V11111'1~'1J'IJ~7i'M~1EJ 

2.4 Velocity Feedforward Control (SGVF) 1~QV'.i~il'-:irl'll'eNfl7'.irl1'Uf.]:IJU'IJ1J Velocity 
,!I _,\ A O I _,\ _,\ dd cJ d.J 

F eedforward Control r1m 'V'l 'elil~ m1 '.IJ N~'V'l m~ 'll 'el-:i ~1tm'W-:i t'.IJ 'el '.i ~ 'LI 'LI t r1 bl 'el'W 'VI 'VI r111m 11r1-:i 'VI C}f ,:i 

rl17:IJN~'\l'lil7~~tn~iiil'1m~m'\llfl U 1-:iti'1EJ~'Vll'W, J)l';j ~u H 'LI~, Ubl~fll';jfl'J'Uf.l'.IJ Velocity 

feedback control nruru1rur11'1Jfl'.IJ'\l~,~'\llflNilrlill'll'el-:ir111:1Jt~1'll'el-:ii11d'-:in'IJ'rlltfl'W SGVF 1'W 
tJ u q qJ 

' " 
m ru 'Vi1 ~-:il'WU 'IJ'IJ~~ ~ 7:IJ (tracking) fll';j m'IJfJ '.IJ u 'IJ'IJ i'.l iiiJ ';j ~ lEJ'lfU m flU~ ti'1t rl 'W fll';j 'Vl 1-:i1'W u 1J 'lJ 

" " 
Point-to-point n1iJ ~1trJ'W~'el-:i t im1 fl11Jf.]'.IJU'IJ1J i'.J fll'.i r11'Uf.]'.IJU 'IJ'IJ'W '\l~ 1iJii Nilm~'Vl'Uf1'1J 
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" ' ' AA I ~ ~ 

2.5 Acceleration Feedforward Control (SGAF) f11H11iJf:JlJUiJ1J'IHJ~~'J;j~'VllJWt'VHH'VUJ 

1h~~'Vlll flWl t 'W fl1':i~~~1ii~1u M'W~ trlfliJm':i tviiiM !fl't'l~m1iid ~ H~t'lf'Wt~ t11niJmrn1iJfllJU iJiJ 
q 

SGVF ! 'W~7'W ~t~'WUiJiJ Point-to-point 1iJiJm1i1~1t~'W~~fl~ 1 ~fl1':ifl1iJf:)lJUiJiJil 

ihJ~~7~G-) ~1~fl1iJf:)lJ 6250 t~w1hA'~flUl1 6000 Series 'llfl~iJ~lJ'Vl Compumotor t~'W 

OJ 91 Q.J dff1 CJ I fS1 d 
fl1'!:l1':i~~jji.x~ 1h~fl'eliJ~1tl':i'VliY'Vlt1J'W ASCII ~Wlf'W !'W~1':i1~'Vl f1.2 

' 0 ., 0 "' mi1~ m fl 1i rn t1 

Dx,x !!llo ! .,_\ d 'lff11'VI 'W ~ ':i ~ ti~ 'Vl 1~ 'W f11':i !fl '1 fl'W 'Vl 

Vx,x !!llo cl! J d 
GJf m M 'W ~ fl 11 m ':i 1 'Wm ':i m '1 fl 'W 'Vl 

Ax,x 1 ~f11'Vl'W~fl17ilt ';j ~ ! 'W fll'j tfl~fl'W~ 

GOxx r11A'~ 1 ~tf iitflifl'W~ 

_ I d d', d 
3. f,}Ufl'HlAfl1'UrJlWlrn~ niieit~el~ BLX30 

iJ~ f1'1:J fil~t'lf'Wt~ tl1f1iJ\911fl1iJfllJ 6250 f1~11~flt ~'W \911fl1iJfl lJ~ 7 tt'Vl'W ~'IJflW'l/fl {11 
q q 

iim~fl{ mm':i tl~~~fl~fli17':i U't'l~ 1 tlrnm ii 1 ~1 ~ tlfl fliJ'Vht~fl{ ~7'W m~vrn1 ~fl'W mii RS232C 
q 

' 0 "' f71i~ m fl 1i rn t1 

' ' lDx ! 910 ! <'I "' GJffll'l-1 'W ~ ':i ~ tl~'Vl 1 ~ 'W fll'j !fl '1 fl'W 'Vl 

lVx !!llo cl! J d GJffll'Vl'W ~fl17ilt 'j') 'Wfll':i tfl't'lfl'W'Vl 

lAx 1 ~f11'Vl'W ~fl17lJt ';j ~ ! 'W fl1'j tflifl'W~ 

G r77J~ 1 ~t~lJtfl~fl'W~ 
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.fllflN'l-!1fl 6ll 

m\'eM ccn !rn:im14v11.h:;an'(;lf-.l'(;l.fll'W 

q .J , ~ _ I d'd o QJ d 9' ~ o 91 q QI o d 
i'W 'U'Vl'W 'ii ~fl't'l 11Mtl1Jfl';i ru 'Ylb1'1flW'Yl 'il~~tl-:Jriflll1U't'l~'Vl1fl 111-H 'lll 1 'il i 'W VI 't'I flfll'.i '\111-:Jl'W fl • u 

"" I 91 • ,I - I 
fltlbl'1'W'lltl-:Jfl't'ltl-:J CCD (Charge Coupled Device) U't'l~fl1Hl1J'.i~l.J1't'IH't'lfl1'V'I (Image 

, di "" 91 d ., <!I d _ 1 <1 d 'l 919 d ., ~ 91 o 
Process mg Card) O}f-:J lJ VI 'W 7 'Yl VI 't'I fl fl m 11-w 'rJ 1J m ru 'Yl i 'lf i 'W fll '.i !fl 'LI 'LI 'W 'VI fl fll 'V'I u 't'l 1 'Yl 1 fll '.i 

J-:i1m1~11 m'V'!i!'W 1tttJ~1-wirfl11ru;~'il~mm'.it1'W11 iJr11-w1ru m-w t11P1 ,~~1u 

'll.1 fl~ij-:,t CCD (Charge Coupled Device) 

., 0 91 
'll .1.1 Vl't'lflfl1'.i'Yl1-:J1'W'lltl-:Jfli'!tl-:J CCD 

'lleMUff-:J (Photon) ~flm~'Yl'U
1
l\Pl 1fl1Pl (Diode) !\P"l ttl\Pl~'il~!f1\Plfl1'.iff~ffl.J'V'li)-:J-:J7'W u~1 

U'U'.i!'U~U'W!'U!~'W'V'lir-:i-:i1'W
1
lvHh l\PlU'Ufl~fl~tl-:J CCD rt1t'U'il~n,\Pl ltl\Pl~1'W1'Wl.Jlfl!1U-:J 

Q.I ,?, 0 Q.I ~ a.I o'o,., -1.d di .cl 

fl'Wtl~!1J'W!!tl1"7\Pl'U (Array) \Pll'WVIM!i'l'Wff \P"l-!ll1J'Yl 'll.1 trn~ 'll.2 O}f-:Jfl11l.Ji'!~WU\Pl'Utl-:J 
' ~ ~ 

mY-1'Vit${~'il~~'WtJdt1'lJ~1'W1'W !\Pl 1 tl\Pl 1-wumihl'1'U t\P"l 1 fllPlmriTw 'il~ri-:iiruru1ru 1~~11${ 2 
" u u 

Camera Front End 

d , _1 91 
l'LI'Yl 'll.l 'ff1'W1J'.i~fltl'U'lltl-:Jfl't'ltl-:J CCD 
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Charge Coupled Device 

Vertical Shift Register~ 

Array 

0 

" 'll.1.1.1 Interline Transfer 1TI'Wl\P11t1\P1'il~ri-:iir't11t111ru~hw Vertical Shift 
" Register mr/h.,1um'lJ0-:i~imNflffW '11~sl'il7f1U'W Vertical Shift Register ~-:i'il~ 

ri-:iir't11t111ru~01 iJ'l tt Horizontal Shift Register ~-:i'il~ri-:iir't11t111ru~0'e)0f11 iJv-:i 

'J-:j'i)'j~'l~flTlHllJ~'eltiJ ~sl'.iU~ 'lJ.3 
q SJ 

Interline Transfer CCD lmager 

CCD 

Horizontal Shift Register 

iu~ 'll.3 1i Interline Transfer 
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,, ' 
'll.1.1.2 Frame Transfer 11i'Wt~ lel~'il~'Y17'11'W711iY-:J'r:YtlJtlJ1filfllrJ1'1-Jttt11~1ri;{1 

lYurn-:i 1~ti'il~ri-:ituifo Storage Area nii'1~-:iri-:i~1'1-J~eltuu-:i Horizontal Shift 

Register ~-:j'il~ri-:iitlJtlJlfil~elelelf) tUUsl1sl'il'.ifiW'I-Jelf) ~-:iiu~ 'll.4 

Frame Transfer CCD lmager 

Pixel ------

CCD 
0 

Horizontal Shlft Register 

iu~ 'll.411i Frame Transfer 

o 91 C 'll.1.2 f11'.if1111'1-J~'ll'I-Jl~'llels!f1~els! CD 

0 9J ,c:!QJ 'J} Q.J 0 

f11 'rn1'11 'I-J ~'ll'I-J 1~ 'llelsl f1 ~ els! CCD 'il~ "~ f)'l:J ru~ 'fl~ Wf11Jf11 'rn1'11 'I-J ~'ll '1-J 1~'\J'e)-:j 

l 'Vl'Jl1fttJ n-ci11~el'il~ 1'l1'm'.i 1~'\J'I-Jl~mlJH'I-J 1'Vl!Ws!~ll'llels!Htl1ii1~1J'\J'e)-:j 1~ 1 el~ ~-:iiu~ 

£9 oo.J d"J9't 00.1do 
'll.5 O)fs!H'tl~-:J'll'I-Jl~'llels!Htl1m~1J 3 'll'Wl~ 'il~l'M'W !~11 Htl1m~1J'Vlf11'11'1-J~'ll'W1~ 1/3 

~ A ~cl td9' ~.cl ~ ~~ 
(0.333) -u1 'il~lJ'll'Wl~'il'.is1rnnm1rnn'Welt1 'flell-l'll'Wl~U'.i~mru o.236 u1 (6 l-l~ml-l~'.i) 

'JI 'JI jl ' 

! ~ l'W 'W 11-:J 'W ! 'W el sl 'il 1 f1! ~ 'W f11'.i fl 111 'W ~ 'll'W 1~ ~1 lJ lJ 1~ 'J j 1 'W !~lJ 'lJ el-:J f11 'J fll'M 'W ~ 'll'I-J 1 ~ 
') <V " 'M~el~fil~'llel-:J!'Vl'.i'Vlft'W 

CCD Size Format 

1/3 Inch Format 1/2 Inch Format 

f':7T L.:::::J4.8 
l,.--6.4~ 

2/3 Inch Format 

"~ T 
"11~- ~6.6 ,._ 

i...--s.s-

Dimension In Millimeters 
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o ., d cl cl o 9 !JI !JI "" cl liJ_i!J/ ,cl o 9 !Jllf d 
'IJ'WWl'Uel-.'.ltltl'J'm~'JJ'YHb'lfl fl'il~'Yll tl1flblel-.'.11J'IJ'W1~!blflM rn~1tl ll~f)'i)::;'Y]7 tl1'W'W'Yl 

' ~ 

fim~t1-.'.11Jt1-.'.llli'W (Field of View) l~flb'l-.'.11ti~1tl!'lf'Wfl'W ~-.'.l'W'W;-.'.l~t1-.'.l!i1tlf1'1J'Wl~'Ut1-.'.lfl~t1-.'.I 

'l !JI ., d !JI 'l !JI 
ir1mm::;ff1Jfl'JJ-.'.ll'W'Yl'il::;~t1..:i i'lf 

'IJ.1.3 ';i::;'jJ'l.Jfll'W 

1::;uum'W~H/n'W1'W1J'il~1J'W'ildit1~ 41::;uu~fo RS-170 1m::; NTSC (National 

Television System Committee) ~--11~n'W1'WUt1'Ut1!1J!mmifo i11'W'.i::;uu CCIR 

(International Radio Consultative Committee) Ubl~ PAL (Phase Alternation 

Line) 'il::;1~n'W1'W'Yl1ti~h111~t1*111l1::;uu RS-1701rn::; CCIR 'il::;1~t1'Ufl~t1..:i'IJ11~1 

<V 9/<V !JI "" ,!! !JI t !JI ,I 

';i::;'JJ'JJ NTSC fl'JJ PAL ~:;1'lffl'Uflbltl-.'.lbl 1'Wfl1'.i!bleJfl1'lf1::;uu1~'W'W'il::;~e)-.'.J~eltiflHU 
<u • 

1~ti'.i11J~1tl l'lf'W m{~1l1::;1J1b'INblfl1'W1~1::;'lJ'jJ CCIR fl~el-.'.l~'il::;!i1\m1~~~el-.'.ll~'W'.i::;'JJ'jJ 

!JI I <V 

CCIR ~1tl!'lf'Wfl'W 

d9 o 91 
'IJ.1.4 'rl111Jtl t'Wfl1'.i'Yl1-.'.17'W'\Jt1-.'.lflb'lt1-.'.I CCD 

, !JI .,.., • • !JI ., ,1 -1 di cl-'! d 
bl-.'.! OOfliJl'il ::;~ tl-.'.11.J 'il-.'.ll11::; (T1mmg) ffel~ 'rlbltl-.'.I fl'l.Jfll'j~ ll '.i ::;1,J')(I Nblfll'W C)f-.'.) fl'rlO'rl111Jtl 

G) O 3) <ii ,, d I ,dl d 9) A e;g 
t 'W fll'.i 'Yl1-.'.11'W 'IJ el-.'.! flbl 0-.'.l'W 'W!O-.'.I !!~ fltl'W 'Yl 'il::; flbl11tl-.'.l'rl111J tl 'IJ 0-.'.I flb'IO-.'.I 'i)::;'IJ 00 'fiiJltltl-.'.1 

< !JI I 

';i::;'lJ'Ufll'.iffUfl'Wfll'W'IJO-.'.lm'l'eNfltl'W 

!J/ t I !J/ cl <><=I -'! <V 

n111:'1'Ufl'Wfll'W'IJO-.'.lflb'lt1-.'.l'W'WU'JJ-.'.lt10fl1~1lltJ 21'fi'rltl U'UiJ Interlace fliJUiJiJ 

Non-Interlace UiJiJ Interlace 'il::;1~1TI'i:'1'Ufl'Wfll'W'Yib'l::;1n'tJ (Horizontal Line) 1~m~iJ 

'J! I .dl 'J! d A 'J! d I 'J! QI lJL.I A 
'illfl!bl'Wt) (l11Jltltl-.'.1!1:'T'W'Yl 0, 2, 4, ... ) !1JOTIUfl'W'il'W'il'JJ!TI'Wfl'il::;ffUfl'Wt]lff'Wtl~ rn 'il'WliJO 

ffUfl'W!n''W~'il'Wl1iJ~ 'il::;1~m'Wvoti 1 m'W r1~..:i'il1ni!'W~'il::;1~1Jffunmn''W~ (1n''W~ 1, 3, s, 
11]_1.di 11]91 I "" !JI O I 91 ,., !JI d 

... ) rnl'.iOtfG"J 'il'Wl11J~ t~fll'WtlOtlOfl 1 fll'W Ubl1'W1fl1'Wtleltl'il1flfl1'.i'Ufl'Wlff'WrJfl'U!ff'W'rl1Jl 

., cl 1iJ !JI ,1 ., _ 1d , 9 91 , !JI .,. , 
111.Jn'W n'il::; i~m'WffiJ\j'.iill 1 m'W ~-.'.llll'Yl 'IJ.6 'lf1..:inm i'Wfl1'.iTIUfl'Wlff'Wll~b'l::;1fftJ'il::;1Jm 

l'VllfliJ'rll'U'IJeJ-.'.I Horizontal Pulse i11'W'lf1-.'.111m 1 'Wfll'.iffllfl'W ntjmn''W~ (1vi1nmh..:inm 

~1~1:'1'Ufl'Wfltj1J1n''W~) 'ildJ~ll'Vllfl'U'rlliJ'IJO-.'.I Vertical Pulse ~..:iill~ 'IJ.7 



...... E1/on Fl!icld 
--Odd Feild 

---.:.::.:: - - . . . ... -- .... .. 
-· - .. ,, -· -- ..... ·- -, "' ...... . -----------------,., - -- ·~ ~- ._ - .,. .. -- .... ·- -... 

:""'"'""' ""' 
:::::::::'.::::::::~ Ui 
~- - -· • • •"f .... -- u, •• •• •• •• •• ... trl 
:: = = :: :: :· - .. .. .. .. .. .. . m 

i'll~ 'll.61firl'!!f1'Wfl7'1"H!1J'U Interlace 

RS-170 Composite Video 

I,.. I \--,-----<i-
[ 

Field No. 1 (Odd Field) Field No. 2 (Even Field) 

16.7 ms (59.94Hz) 16.7 ms (59.94H,;) 

262.6 H 262,5 H 

----~ <--------... 
1 Frame 

3:) ms (30Hz) 
525 H 

Horizontal Pul&e (H) 

"J'U~ 'll .7 'fll'l.Jf11'J'Yll'1l'W'lle>-:Jf1~0'1 CCD !'W"J~'UU RS-170 
qJ 

I 9)1.-:!.{9,ld11q 

U1N!Wf1! t'l''W t] '11 'J el! rl''W flU\91 el eJl-:J t Iii 
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ri111Jitt-1f1l"J'Yll-:Jl'W'lle>-:Jn~0-:i"J~'U'U RS-170 fl'LI NTSC ~rl'!!f1'Wfl7'VH!'U'U 

Interlace 'il~ri-:im'Vlele>eJ 2 fll'Vle>e>m.Jli'.jf1"1 1/301'Wl'Y1 (mYlele>eJ 2 fll'Vl'il~'J11J!~'Wfll'Vl 

,I ~ ~ I I ~ .c:::l _J Q./ 

rl'l.l\j'Jtl! 1) 'W'Wfltlfll'VleJe>eJ 1 fll'Vl'il~\Jf1rl''100f)l.Jli'.jf1"1 l/60 1'Wl'Vl CJ1'1'il~\9\Hf1'U 1 fll'U 

'Ue>-:J Vertical Pulse irn~ 1 f171J'lle>-:J Vertical Pulse 'U'J~f101Ji1eJ Horizontal Pulse 

262.5 \)f1 '1110~\il!rl'W Horizontal Line ~l'W1'W 262.5 !~'W nci11 ilileJrl'i'llfl0 !'Wi'.Jf1"1 

"> A A I I _,:j\ ,/ di AO 

1/30 1'Wl'Vl'il~lJfll'VleJtleJ 2 fll'Vl\Jf1rl''1tltlf)l.Jlj11J!u'Wfll'V'lrl'll\j'Jtl! l fll'V'lCJ1'11J'ill'W1'W 

Horizontal Line 525 !~m!t-1w-:i 
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1u1::;1J1J RS-170 fllJ NTSC mlJ'llel-.'.l Vertical Pulse 'il::;t111u1::;mru 1/60 

"" "' d .J ?I , .d 31 9 319 9' 9 • • 
TWl'Vl ('fl11lH1 60 Hz) Clf,.'.J'i)::;tlJ'W'lf1-.'.JtT'11'VlfHHJ-.'.J t'lf !'Wf171ffUf1'Wtff'Wfll'V'l !'WU~l'cl::;mp.J 

3I , , _J <=I I .;j I 3I .d I 9) l'J I I 9) 

tff'W (Honzontal Lme) Clf-.'.l'il::;l.J 2 m:imrnmJrnff'W'fl mi::;mJrnff'WrJ 1'Wtt1,rt1::;mp.Jtff'W'il::; 

_, 9) 3I o 9J I , 1 1 A _, 

1J1::;nel1J~1tltff'Wfll'V'l'ill'W1'W 262.5 tff'W ff1'W Honzonta Pu se 'il::;1.J'fl11J1J1::;mru 

"" "' .d .J ?I I .d 9' 'I 9'') 9' 
1/15750 1'Wl'Vl ('fl11l.Jtl 15.75 kHz) Clf-.'.Jt1J'W'lf1-.'.Jt1'17'Vlf1"el-.'.J t'lf t'Wf111ffUf1'Wtff'Wfll'V'l 1 

31 
tff'W 

" ' 
LY1'Wt'W1::;1J1J CCIR nu PAL 'W'W Vertical Pulse 'il~iimlJ 1/501'Wl'Vl ('fl11l.l~ 

50 Hz) u1::;f)el1Jloi'1t1 Horizontal Line ~1'W1'W 312.5 t~'W i!'U~el l'W'l'Jf1'7 1/251'Wl'Vl'il::; 

"' I I ?I ., .J "'0 • 1 . 
l.Jfll'V'ltleltl 2 fll'V'ltlf1ff-.'.Jelelf1l.J111l.lt1J'Wfll'V'lffl.J1J1ill 1 fll'V'l0lf-.'.Jl.J'ill'W1'W Honzonta Lme 

~ ~ 

625 t~'W 

Q.I cl (;J.J ,I 

'U .1.5 'U'W1~111Ju ff-.'.ltrn::;'f111rn11'lf~t~m 

" ' " 
1um1frntff-.'.l'Uel-.'.ll~ hi~t'Wf1~el-.'.l CCD 'W'W 'il::;litl'iliut1virl11'lt\)191-.'.l'W ~el '\J'Wl~ 

" 
'\Jel-.'.l1frntff-.'.l trn::;'fl1Wt~1i~tm1{ 1~t1'il~'\Jelellj1J1tlfn1mn.J1t1191-.'.l'W 

~ 

a, 3I '\' _, a. di 31 I ef 
'\J'W 1~ 111JU ff-.'.J'\Jel-.'.lf1ml-.'.l CCD t ~ tllJ f1~ 'il::;'!1mt1t1-.'.J'\J'W l~tff'W Nl'W fl''W tlf1'17-.'.J'Uel-.'.J 

~ ~ 

<1.J lil_ldl _,,,. .di]'\' 1]31.., 31 .., 
rn'Wff Clf-.'.l'il::;'!1mt1m11.J rnt1-.'.l1Jrn1ruttff-.'.l'Vl 1~ 1el~'il::; 1~11J t11'\J'Wl~'\Jel-.'.l111Jttff-.'.l3Jlf1 ttff-.'.l 

~ 

n'il::;N1urnu i'l u'll'i'mn mi~ 'l~ 1 ei~ n'il~ 'll'i'f rnt ff-.'.lmm'l5u n'W fl'W 'i)::;lir•rn 1 tt' m'V'l~ 'll'i'ii 

'fl11l.Jff11-.'.J u~o11frntff-.'.J~'\J'Wl~t~fl ttff-.'.J'il~Nl'Wtmrn""lu~-.'.Jl~ 1ei~11'i'ifot1 fll'V'l~!l'i'n'il~ 
~ 

I 3I "1 
'flel'W'\Jl-.'.J:IJ~ 

cl a, ef 3I di I .diJj '\' 
'fl11l.lt11'lf~t~m'\Jel-.'.lf1'1el-.'.l CCD '.il~'l1mt1t1-.'.J'lf1-.'.lt1'17'Vl t~ rn~t1f1el'Wfll'flUff-.'.l 

~ . 
(Photon) trn::;'1'11f11jff::;ffl.J'Uj ~~ U~1t'LI~tl'Wt~'W'V'li1-.'.J-.'.Jl'W I vlvhri-.'.Jelelf1 I 'LI V-.'.J1-.'.J 'il j'fl'JlJl'.jl.J 

t Q.I d a., cl 9) A Q.I o., o'fV ~ .J G) 'J) 

'Vl-.'.l'\J'W 1m11Ju ff-.'.ltrn~'fl111.Jt 11'lf~t~eln~~el-.'.ll.l'fl17l.lffl.l'V'l'W 1if1'W t'V'lel'Vl 'il::; m m'V'l 
~ 

d 111 !VA , d , di 01 9,1 c1 .:::1 GJ , 

'Vl 1~1.J'fl111.Jff11-.'.l'Vlmm::;ff:1J t'lf'W t:1Jell11Jttff-.'.l'\Jel-.'.lfl"el-.'.l ('ll'Wl~'Uel-.'.lrn'Wff) l.l'\J'Wl~ t'Ylt\J 

'l~ !el~'il::;ff~ff1.JU1::; ~ tloi'mn 'fl11rn11i~t~el{~'il~~el-.'.l~-.'.lt~ei 1il1 tt'l~ !el~ff::;ff1.Ju1::;~ 

a. iJJ _ 1 , 9' .., 31 "' cl cl .., ✓ cl ~ /4 9 911] 'l' iJJ 31 
mmn'W rn u~mi11Jttff-.'.l'llel-.'.lf1'1el-.'.ll.l'U'W7~rnn m1rn11'lf~t~elrn'il::;~1 t'V'lel 1r1 1~ tel~ 1~ 

iJJ 31 ,1 ' 
ff~ffl.J'Uj::;~ !~'Wl'W'U'W'W'Wtel-.'.J 
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J d d 
'IJ .1. 6 'V'l'W 'Yl fl7 '.ill tl-:J l'Yi 'W 

,d "' 91 ')' "' , 91 ?I 
'Yl'JJ'fl171lf117-:J H Ui1~'fl17'JJ~-:J V t\91tl1\91'117-:J'illf1f1i1tl-:Jl1J'W';i~tl~'Yll-:J L 

• 11)91 q d 
i1'l'JJ7';itl'fll'W1ill !\91'illf1~\ol'j t'W\oll';il-:J'Yl 'll.1 

Field of View 

.Id J d cl 91 
l1J'Yl 'IJ.8 Yl'W'Ylf17'j'JJtJ-:Jl'Yl'W'lltl-:Jf1i1tl-:J CCD 

d ef. d d 
\oll';il-:J'Vl 'IJ.l ~\ol'jfll';i'\17Yl'W'Ylf17'j'JJtJ-:Jl'Yi'W 

'IJ'Wl\91 " " " "' 213 ih 1/2 ,11 
91 

1 'W'J 
f1i1tl-:J 

H 
12.8xL 8.8xL 6.4xL 

f f f 

V 
9.6xL 6.6xL 4.8xL 

f f f 

L\'lt1~ f = m11Jt1111vlti~'llti-:irn'W a' 
91 Jd cl 

H = 'f1111Jm1-:i'llti-:J'Yl'W'Ylmnrn-:im'W 

J d cl 
V = 'fl17'JJ~ -:J'lltl-:J'Yl'W'Ylf17'.illtl-:Jl'Yi'W ., 

I 9I 
L = ';i~tl~'117-:J'illf1f1i1tl-:J 

'll.2 miv1'U-:itilTtWHUll'W 

,I • I . ?I • I ,1,d'l 91 Ji I 91 
f17':i\911J':it'JJ1i1Ni1fl7Yl (Image Processing Card) l1J'W'r,)1Jf1';iill'Yl t'lH'lftl'JJ~tlf1i1tl-:J CCD 

. " 
tl1J'fltl'JJ~1l\oltl1 lJ'\1 tl 1-vi·fo iYt!Jt!Jlillfl7Yl'JJl'illf1f1~tl-:J CCD U~TWliYt!Jt!Jlill 'W'W'JJlU'j ~'JJ1i1Ni11 'W . . 
Q/ I ~ 3-'G) 9/3,/ I _IGJ _IQ/ Q/ Q/ ~ Q/ ... IA 

i1f1'l:lill~\917-:J"l 'Ylf.;J t'lf\oltl-:Jf17'j l'lf'W 1J'j1JU~-:J 1J'j1J'fl17'JJ'fl'JJ'lf\91 1J'W'Ylf1.fll'Yl "li1"1191-:JlJJ'Yl 'IJ.9 U~\91-:J . " 
m1\91U';i~'JJ1i1Ni1fl7Yl'n1ci/1'W-:i7'W1itl'W~tl'.i'W DT3 l 55 'lltl-:J1J~rd'Yl Data Translation ~ltl\91 

q 
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i-u~ 'll.9 m{~'U'J~'lJ1t'lvH'lfll'Wtw DT3 l 55 'lleJ-:J'lJ1'1:l'Vl Data Translation ~1f1~ 

,I 

'll.2.1 fll'J~ DT3155 

,I J' 0 ,I O """" 91 ,I 
fll'j~ DT3155 'W LU'Wfl1'.rn'U'.i~'lJ1flNflfll'W'll11~1U1J1J~'il\9lelfl i'lf'Wel'.i\91 PCI 

1 'W m1 ~ ~ ~ 0 nu~ tJ'lJVht\9101 "1'1m '.i t1 f 1.J irww1ru ~'W Y-li'l 'ill nflii'0-:i CCD t\Pl 4 
" " q 

'l1tMirtljtljlU! trn~i'1Ji'Uu'JJ1J'llel-:Jirt\jt\jlU! l\Pl 4 U1J'JJ~el U1J1J RS-170, NTSC, CCIR 
" 

Ufl~ PAL ~fl1JU!~fll'W'll11~1'il~L~'WU'JJ1J 8 lJ'Vl (256 1~~1.JiYrvn) 191,:i~11'lJf'l~LBt1~ t\Pl 2 

QJ ~ ':J) 0 QI 

1~~1.J~el 640x480 ~~ (m1-:ixt1-:i) bl'Tl111J1~'JJ1J RS-170 Ufl~ NTSC Ut'l~ 768x576 

91 0 OJ 

~~ (m1-:i x t1-:i) "1'1'111'JJ1~1J'JJ CCIR Ufl~ PAL 

'1 91 o' 
'll.2.2 fll'j l'lf-:Jl'Wfll'J~ DT3155 
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